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PREFACE, 


The  motive  for  writing  this  book  was,  in  the  main,  to  supply 
students  of  pharmacy  with  a  text-book  which,  while  sufficiently 
comprehensive  to  serve  as  a  trustworthy  guide,  should  be  devoid  of 
all  unnecessary  material,  such  as  official  and  unofficial  formulas,  etc., 
readily  accessible  in  the  Pharmacopoeia  and  such  books  of  reference 
as  are  usually  found  in  drug-stores.  The  author  was  repeatedly 
assured  by  the  late  Professor  Maisch,  and  other  friends,  that  such  a 
book  was  desirable,  and,  at  their  request,  the  task  was  undertaken. 
Owing  to  unavoidable  interruptions  caused  by  increased  duties,  the 
work,  begun  in  the  spring  of  1894,  was  not  completed  until  the 
autumn  of  1895. 

Since  the  present  advanced  state  of  professional  pharmacy  is  the 
fruit  of  long-continued  labors  of  many  competent  men  in  both  this 
country  and  Europe,  no  hesitation  was  had  in  utilizing  their  results, 
the  author  having,  in  fact,  felt  it  to  be  his  duty  to  incorporate  with 
his  own  experience,  extending  over  twenty-five  years  of  a  busy  life 
as  a  practical  pharmacist,  the  many  valuable  hints  obtainable  from 
numerous  well-known  writings.  Grateful  acknowledgment  is  hereby 
made  for  aid  derived  from  such  books  as  Proceedings  of  the  American 
PharmaceiUical  Associaiion,  The  Art  of  Dispensing^  Proctor's  i€c- 
tures  on  Practical  Pharmacy,  American  Journal  of  Pharmacy,  Ernst 
Schmidt's  Tjchrbuch  der  Pharmaceutischen  Chemie,  Hager,  Fischer 
u.  Hartwich's  Commentar  zum  Arzneibuch  fur  das  Deutsche  Reich, 
Hager's  TexJinik  der  Pharmaceutischen  Receptur,  Die  Schule  der 
P/iarmacie,  Fluckiger's  Pharmaceutische  Chemie,  Borneraanu's  Die 
Fetten  und  Fluchtigen  Oelc,  and  others. 


vi  PREFACE, 

The  subjects  treated  in  this  book  have  been  grouped  under  three 
distinct  headings. 

Part  I.  comprises  Greneral  Pharmacy,  which  includes  the  study  of 
weights  and  measures,  specific  gravity,  the  application  and  control 
of  heat,  mechanical  subdivision  of  drugs,  and  methods  of  solution 
and  separation,  together  with  a  classification  and  description  of  the 
various  plant-products  and  solvents  used  in  pharmacy. 

Part  II.  treats  of  Practical  Pharmacy.  This  involves  a  study  of 
the  official  galenical  preparations,  together  with  the  many  operations 
of  the  dispensing-counter.  It  has  been  the  author's  aim  to  explain 
as  clearly  as  possible  the  various  processes  and  apparatus  met  with 
in  this  department,  and  to  point  out  difficulties  likely  to  be  encoun- 
tered, as  well  as  the  remedies  therefor.  All  suggestions  made  have 
been  tried  and  verified  by  the  author  before  offering  them,  so  that 
statements  made  are  based  on  actual  experience. 

Part  III,  is  devoted  to  Pharmaceutical  Chemistry,  the  study  of 
which  is  of  paramount  importance  to  every  pharmacist.  While  the 
subject  is  a  very  comprehensive  one,  and  undoubtedly  entitled  to  an 
extensive  treatise,  it  has  been  confined,  in  this  work,  to  such  com- 
pounds as  are  either  officially  recognized  in  the  United  States  Phar- 
macopoeia, or  are  of  special  interest  to  pharmacists. 

By  a  careful  analysis  of  the  working  formulas  of  the  Pharma- 
copoeia it  has  been  thought  possible  to  render  that  excellent  book 
more  useful  to  students  as  well  as  pharmacists  in  general.  The 
Pharmacopoeia  contains  a  number  of  valuable  tests  and  assay  methods 
which  are  unintelligible  to  the  average  reader,  but  which  can  be 
made  available  and  interesting  by  a  series  of  explanations.  As  such 
explanations  have  thus  far  not  been  offered  in  any  of  the  treatises 
on  pharmacy  in  the  English  language,  the  attempt  has  been  made 
to  supply  this  want. 

This  book  is  pre-eminently  intended  to  be  one  of  in8trnction  and 
an  aid  in  the  study  and  use  of  the  Pharmacopoeia.  The  object  con- 
stantly in  view  was  to  answer,  if  possible,  the  many  questions  of 
why  and  wherefore  with  which  students  and  practising  pharmacists 
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are  almost  daily  confronted.  To  what  extent  the  writer  has  been 
successful  in  this  direction  must  be  left  to  the  judgment  of  the 
pharmaceutical  profession.  He  is  fully  aware  that  imperfections 
must  of  necessity  exist  in  a  work  covering  so  extended  a  field  of 
study,  and  he  hopes  that  those  better  able  to  judge  will  kindly 
inform  him  of  any  apparent  or  real  defects,  so  that  they  may  be  rec- 
tified in  a  subsequent  edition,  should  such  ever  be  demanded. 

The  author  desires  to  express  his  .warmest  acknowledgments  to 
his  friends,  A.  D.  Clark  and  J.  P.  Piquett,  for  valuable  sugges- 
tions and  aid  in  proof-reading,  to  all  i)arties  who  kindly  itimished 
drawings  and  electros  for  purposes  of  illustration,  and  to  the  pub- 
lishers who  have  spared  neither  expense  nor  labor  to  bring  the 
typography,  engravings,  and  general  outfit  of  the  book  up  to  the 
fullest  requirements. 

CHARLES  CASPARI,  Jr. 

Baltiiiobx,  September,  1895. 
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PART  I. 
GENERAL  PHARMACY. 

CHAPTER  I. 

PHARMACOPOEIAS. 

Although  the  term  Pharmacopceia  (from  the  Greek  fdpfioKov, 
medicine^  and  irouiv,  to  make)  is  defined  by  lexicographers  as  mean- 
ing a  book  of  formulas  or  directions  for  the  preparation  of  medi- 
cines, the  word  has  now  received  a  more  liberal  construction  and  is 
taken  to  include,  besides  the  foregoing,  also  descriptions  of  v^table 
as  well  as  mineral  and  animal  drugs,  together  with  appropriate 
tests  for  establishing  the  identity  and  quality  of  the  same,  tne  whole 
prepared  by  some  recognized  authority. 

The  necessity  for  a  definite  and  authoritative  standard  in  the  selec- 
tion and  preparation  of  medicines  was  long  since  recognized  by  all 
civilized  nations,  thus  the  London  Pharmacopceia  was  established  in 
1618,  that  of  Paris  in  1639  and  that  of  Edinburgh  in  1699.  The 
first  truly  national  standard  was  that  of  France,  issued  in  1818, 
which  retained  the  name  of  its  predecessor,  the  Paris  Pharmacopceia, 
and  is  even  to-day  still  known  as  the  Codex  Medicamentarius.  The 
first  United  States  Pharmacopceia  was  established  in  1820,  prior  to 
which  time  various  foreign  pharmacopoeias  had  been  in  use  in  this 
country.  The  British  Pharmacopoeia,  into  which  were  merged  the 
London,  Edinburgh  and  Dublin  (established  1807)  Pharmacopoeias, 
was  first  issued  in  1864,  while  Germany  did  not  adopt  a  national 
standard  until  1872,  nearly  two  years  after  the  restoration  of  the 
Grerman  empire.  Owing  to  the  rapid  advances  in  the  science  of 
medicine  and  pharmacy,  frequent  revisions  have  become  necessary, 
and  the  following  table  shows  the  date  of  the  last  revised  editions  of 
the  pharmacopoeias  of  leading  nations : 

Gonntry.  Bate  of  I«iie. 

Russia  .1891 

Germany  ....  1890 
Great  Britain  (supplement)  1890 
Austria  ....  1889 
Great  Britain    .  .     1886 

France  .1884 

Spain         ....     1884 

The  Pharmacopoeia  of  the  United  States,  although  without  the 
power  of  legal  enforcement  by  act  of  Government,  is,  nevertheless, 
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GoaDtry. 

Date  of  iMQe. 

Germany  (supplement) 
France  (supplement) 
The  United  States   . 

.     1^95 

.     1895 

.     1893 

Denmark 

.     1893 

Switzerland 

.     1893 

Italy 

.     1892 

Japan 

.     1891 

(^f:SEfL[L  I'UAHMACy 


TVQopWA2i\  IIS  nn  authority  by  tlie  fx>urts,  and  is  the  staudaM  em- 
ploycMl  ill  the  purchase'  of  nie<Jical  siipplit's  for  the  Army  and  Navy 
of  the  Unittnl  States.  In  ^me  of  the  States  it  has  Ikhjo  adopted  aa 
the  I^^al  standard  in  the  euforoemeut  of  pharmaoy  hiws,  and  this 
pUm  is  likely  to  be  followed  by  others.  The  PharmaeojKpia  as  uow 
publishe<l  reprefieots  the  joint  work  of  the  medimi  and  pha  rmaceutieal 
prt>fessions ;  but  in  the  early  part  of  t Ills  century,  when  pharmacy 
had  not  yet  reached  the  gtate  of  a  fully  developeii  profei^sion  in  this 
Cijuntry,  the  apothecary  held  a  rather  hubordiuate  positioLi,  and 
therefore  had  no  voice  in  the  compilation  of  the  first  national 
Pharmacopeia,  which  was  adopted  in  18"20  by  a  (convention  of 
physicians  assenibletl  at  Washin^ttju,  1).  C,  under  the  presidency  of 
Dr.  8,  L,  Mittrhell,  the  publimtion  of  tht*  book  \mAh^  entrusted  to  a 
sjiei'ial  committee  of  which  Dr.  Lymaji  Spalding  was  chairman,  and 
both  the  Latinand  Enj^lish  languages  lK*ing  useil  in  the  text.  In  1830, 
througli  some  misundei'Htandinp:  and  consequent  dissatisfaction,  two 
8e|iarate  conventions  were  held  for  the  revision  of  the  Pharraacopo^ia, 
one  in  New  York  and  one  in  Washington,  and  at  the  latter  the 
Government  medical  service  was  repre?ientiJ  for  the  first  time  and 
imrticipated  in  the  proceedings;  at  tliis  time  provision  was  also 
made  for  regular  8ubseij[uent  revisions  every  ten  years.  In  the 
Pharmacopceia  of  1840  the  Latin  version  of  the  text  was  omitted, 
and  in  this  revision  material  aid  was  also  given  by  the  pharmacists, 
although  they  had  no  representation  in  the  convention  j  numerous 
improvements  in  the  working  formulas  appear  in  this  edition.  In 
the  convention  of  1850  two  colleges  of  pharmacy  were  duly  repre- 
seDted  by  delegates,  and  from  this  time  forward  the  %'alue  of  pfiar- 
mact^uticfd  collaboration  has  been  recognized,  and  its  influence  is 
disceniibie  in  tlie  many  practical  details  of  the  Pharmwopoeia. 
Since  1850  the  convention  for  the  revision  of  the  Pharmacop*eia 
has  a^tsembled  in  the  city  of  Washington,  B.  C,  regularly  in  the 
month  of  May  of  every  tenth  year ;  all  duly  incorporated  medical 
and  pharmat^euticitl  societifas  and  colleges  throughout  the  United 
States  are  entitled  to  representation  by  three  del^ates,  the  three 
l^mnches  of  the  Government  medical  service  l>eing  also  reprt«ented 
by  one  delegate  each.  The  final  revision  and  public^sition  of  the 
PhjirmatH>[Keia,  under  instruction!^  trora  the  tv)uvention,  is  entrusted 
to  «  committee  of  twenty-five  memlxjrs ;  this  ctjmmittee  in  1880 
and  again  m  1890  waa  composed  of  twelve  physicians  and  thirteen 
pharmacists,  under  the  chairmanship  of  Charlea  Rice,  Ph*D. 

Aa  the  Pharma^xipoBia  is  in  almost  daily  use  by  the  pharmadst,  a 
abort  study  of  its  plan  and  arrangement  is  desirable  for  a  more 
intelligi^nt  understanding  of  the  text.  The  titles  of  all  drugs  rec<ig- 
nized  ID  the  Pbarmaco[KDia»  whether  derived  from  the  vcg*;table, 
miueral,  or  animal  kingdom^  are  conveniently  given  in  three 
aubdi visions  known  a«  the  ojfwial  IaUui  name,  the  official  English 
fkanw^  and  the  o^  '  '  fhiidon,  to  whi<*h  is  adde^l  an  officiid  descrip- 
tinn,  br  means  -  i  the  identity  of  all  official  sulj^tanc^'s  can  be 
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readily  established.     The  following  examples  will  better  illustrate 
the  arrangeraeDt  of  pharmai^pceial  subjects : 

ACONITUM  (Official  Latin  Name.) 

Aconite  (Official  English  Name.) 

ijItLiw)""^  vi«>ni(uw  NapeUtu^,  Linn6  (nat  ord.  J  ^q^,^.^  Definition.) 

From  10  to  20  Mm.  thick  at  the  crown ;  conically 
contracted  below;  from  50  to  75  Mm  long,  with  scars 
or  fragments  of  radicles;  dark  brown  externally; 
whitish  internally ;  with  a  rather  thick  hark,  the  cen- 
tral axis  about  seven-rayed;  without  odor;  taste  at 
first  sweetish,  soon  becoming  acrid,  and  producing  a 
sensation  of  tingling  and  numbness,  which  lasts  for  J 
some  time. 


-  (Official  Description.) 


CANTHARIS  (Official  Latin  Name.) 

Canth ABIDES  (Official  English  Name.) 

O^S^f  '«»'^o'*^  ^  ^^^  (cla«^  ^'««^/  o'^e^  I  (Official  Definition.) 

About  25  Mm.  long  and  6  Mm.  broad ;  flattish-cylin-  ] 
drical,  with  filiform  antennte,  black  in  the  upper  part, 
and  with   long  wing-cases,  and   ample  memoranous,   | 

transparent,  brownish  wings;  elsewhere  of  a  shining  \  (Official  Description.) 
coppery-green  color.     The  powder  is  grayish-brown, 
and  contains  green,  shining  particles.   Odor  strong  and   | 
disagreeable ;  taste  slight,  afterwards  acrid.  J 

PLUMBI  CARBON  AS  (Official  Latin  Name.) 

Lead  Carbonate  (Official  English  Name.) 

2PbCOs.Pb(OH)2  =  772.82  (Official  Definition.) 

A  heavy,  white,  opaque  powder,  or  a  pulverulent  ^ 
mass,  without  odor  or  taste      Permanent  in  the  air. 
Insoluble  in  water  or  alcohol,  but  soluble  in  acetic  or  | 
diluted  nitric  acid  with  effervescence.     When  strongly  j 
heated,  the  salt  turns  yellow  without  charring,  and  if 

heated  in  contact  with  charcoal,  it  is  reduced  to  metal-  !   //^/e  -^i  tvw.-«:-.*'^    \ 
lie  lead.     Its  solution  in  diluted  nitric  acid  yields  a  \  (^^^^^^  Description.) 
black  precipitate  with  hydrogen  sulphide,  a  yellow  one 
with  potassium  iodide,  and  a  white  one  with  diluted 
sulphuric  acid.    One  Gm.  of  the  salt  strongly  ignited 
in  a  porcelain  crucible,  should  leave  a  residue  of  lead   | 
oxide  weighing  not  less  than  0  S5  Gm.  J 

The  Official  Latin  Xamk,  which  very  properly  is  given  iu  the 
Ijatin  language,  owing  to  its  .security  against  change,  is  intended  to 
be  at  once  simple  and  distinctive,  and  must  be  accepted  as  repre- 
senting the  drug  or  preparation  more  particularly  defined  in  the 
other  subdivisions.  In  some  instances  the  names  by  which  drugs 
have  been  long  known  have  been  retained  witliout  any  special 
reference  to  the  source,  thus  OcUia,  Buchu,  CiissOy  Opium,  Mastichey 
SennGy  KinOy  Kamala,  etc.,  but  in  the  majority  of  cases  the  generic 
or  specific  name  of  the  plant  or  animal  yielding  the  drug  has  been 
adopted  as  the  official   name,  thus  Aconitumy  Camphoray  Catcchuy 
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Ipecacuanha^  Coccus,  Hyoscyamus,  Moschus^  Rheumy  Senega,  etc. 
In  order  to  avoid  confusion  a  few  of  the  former  generic  or  specific 
names  of  plants  have  been  retained  as  the  official  names  of  drugs 
now  known  to  be  derived  from  a  diffiirent  source,  as  in  the  case  of 
Quassia  from  Picrama  excdsa,  Cambogia  from  Oarcinia  Hanburii, 
Pareira  from  Chondodendron  (omentosurriy  etc. 

As  different  species  of  the  same  genus  oflen  furnish  different 
drugs,  it  becomes  necessary  in  such  cases  either  to  employ  the  full 
botanical  name  of  the  plant  to  distinguish  the  official  varieties,  as 
Viburnum  opulus  and  Viburnum  pmnifolium,  Rosa  ceniifolia  and 
Rosa  gallica,  or  to  select  the  generic  name  only  for  one  of  the  drugs 
and  the  full  botanical  name  for  others,  as  in  the  case  of  the  genus 
RuhuSy  where  the  Pharmacopoeia  has  chosen  the  generic  name  of  the 
plant,  Rubus  villosuSy  to  designate  the  root  of  the  blackberry,  but  the 
full  name  of  the  plant,  Rubus  idceuSy  as  the  official  name  for  the  fruit 
of  the  raspberry. 

Whenever  different  parts  of  the  same  plant  are  officially  recog- 
nized as  distinct  drugs,  the  name  of  the  particular  part  must  be 
added  to  the  generic  or  specific  name  of  the  plant,  thus -4mtccB 
Flores  and  Amican  RadiXy  Beliadonnce  Folia  and  Belladonnce  RadiXy 
etc.;  to  this  rule  the  Pharmacopoeia  makes  an  exception  in  the  case  of 
Sassafras  bark  and  pith,  both  derived  from  Sassafras  variifoHum  — 
the  bark  is  officially  known  by  the  generic  name  only,  while  the 
pith  is  designated  as  Sassafras  Medulla, 

In  the  official  names  of  compound  preparations  the  principal 
active  constituents  are  as  a  rule  specified,  as  Liquor  Feni  et  Am- 
monii  Acelaiis,  Tindura  Aloes  et  myrrhcty  Trochisci  Glycyrrhizoi  et 
Opii,  Pitula^  Aloes  et  Ferriy  Mistura  Rhei  et  Sodce,  but  usage  has 
sanctioned  a  modification  of  this  rule  when  there  are  many  ingre- 
dients, by  naming  one  of  them  with  the  addition  of  an  adjective, 
sucli  as  compositus,  a,  um  (compound),  aromaticuSy  a,  um  (aromatic), 
ct4'.,  thus  making  a  simple  compn»hensive  title,  as  Spiritvs  Am- 
monicr  AronuititniSy  Tinctura  Cinchonce  Compositay  Pilulce  Catharticas 
VegctdbileSy  Pulvis  Morphin(e  Cornpositus,  Linimentum  Siriapis  Com- 
posit  amy  etc. 

In  the  wise  of  (•hemical  compounds  where  similar  combinations  of 
the  same  elements,  or  several  varieties  of  the  same  compound,  have 
received  recognition,  it  is  absolutely  ncM»essary  that  the  official  name 
include  some  qualifying  term  by  means  of  which  the  character  of 
the  substance  may  at  once  l)e  rin^ognized,  thus  Hydrargyri  Chlori- 
dum — Chrrosivum  and  MitCy  Hydrargyri  lodidum — Flavum  and 
Ruhr  amy  Ferri  Sulphas — Exsiccafus  and  GranuJatuSy  etc. 

The  I^atin  official  names  arc  generally  used  in  the  singular  num- 
lH»r,  even  though  the  idea  of  plurality  may  \h}  essentially  connected 
with  the  <lrug,  as  in  tlir  <*ase  of  Caryophyllus,  Galla,  Amygdala, 
Pilocjirpus,  vU', ;  this  is  in  acconlance  witli  the  prccc^dent  set  by  the 
Roman  ukhUcjiI  writers.  Whenever  a  part  of  the  plant  also  appears 
in  the  official  name  the  following  rule  prevails:  Semen  (scikI),  Cortex 
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fbark),  Radix  (root)  are  always  used  in  tlie  niDgular,  while  FoUa 
(leaves)  and  Fhres  (flowers)  are  iuvariahly  used  in  the  plural 

The  Official  English  Na>ie  need  not  neeessflrily  be  a  Hteml 
translation  of  the  ufficial  I^tin  name,  in  faet  it  84?em8  very  desirable 
that  a  drug  sliould  have  two  distinct  names  officially  retxignized,  the 
one  eon  fined  to  the  official  Latin  title,  admirably  adaptfiJ  to  abbn'via* 
tion  and  uj*e  in  prescriptions,  while  tlie  other  may  be  employed  in 
the  oi'dinarv  course  of  conversation  and  is  intended  for  use  in  eom- 
mereial  tningiietions  and  the  daily  routine  of  business,  as  Nutmeg  for 
Mtftislmi,  Brandy  for  SpirUun  Vhxi  Gallici,  Black  Haw  for  Viimr^ 
nuia  PmniJ'olimny  Pale  Mose  for  Rosa  Centifoltaj  Cattcara  Stjf/ruda 
for  Hhammi^  Pumhtana^  l^iimpkin  Seed  Cor  Fepo,  etc.  Oceadionallv 
the  English  name  is  U8e<l  in  tlie  plural  while  the  I^tin  name  is 
always  used  in  the  singular  niimlH*r,  a**  Cantharides  for  Cantharis, 
Cloves  for  Chrifophylliiti,  In  the  cane  of  chemical  comjMKniJ&  the 
I  official  English  name  otV'n  indicfites  with  greater  [>recigion  the  true 
^  coni|K»9itionj  as  Sol ut ion  of  Mercuric  yitrale  for  Liquor  Hydrargifri 
NUratiSy  ferrous  Sulphate  for  Ferri  Sulphas^  Ftnie  Cilrate  for  FetTi 
€itra»^  etc. 

In  a  large  nnml^er  of  instancies  a  8w*ond  English  name,  which  long 
custom  has  demanded  i?hall  not  Ix*  ignored,  is  given  as  a  synonym 
in  the  title,  although  its  origin  may  Ik*  nnscientitie  and  its  reten- 
tion nnt  in  strict  ac<xtrd  with  the  systematic  nomt^nclature  of  the 
Phanuac*>p^eia;  the  synonym  invaluably  follows  the  offieial  English 
name  and  is  enelosed  in  brackets.  Among  the  prominent  svTionyras 
found  in  the  Pharmaco]Keia  are  Vatomel  for  Mild  MercurouH  Chloride^ 
Fpmvi  Sidt  for  Mafpiemum  Sulphate^  Balm  fur  Alelisinif  Labarraqnt^H 
.ihlutiMi  for  Solution  of  Chiorinattd  Scda^  Witch-hazel  (or  Hamamelii*, 
^  Bu^etft  Fltif/  for  OjiamiLs,  Black  Ihanghl  for  Compound  Infumon  of 
Se^ma,  Red  Peecipiiate  for  Red  Mercuric  Oxide,  Griffith's  Mixture 
for  Compou)id  Iron  Mixture,  Ttdltf-g  Powder  tVir  Ocfinpound  Powder 
of  Morphine^  CUrine  OitUment  for  Ointment  of  Mercuric  Nitrate^ 
Basiltcon  Ointment  for  Resin  Cerate,  etc, 

Se%  eral  of  the  official  Kvnonyms  have  l>een  added  for  the  purpose 
of  more  clearly  expressing  the  true  chemical  character  of  the  com* 
pjundj*  for  winch  they  are  ust*d*  than  is  possible  with  the  official 
Ljitin  or  English  names,  as  Phenylaceiamide  for  Acetanilid^  Sodium 
Paraphenolmdphonaie  for  Sfjdium  Suiphocarbolnte^  Phenyl  SaJieylate 
for  Sfdol^  Beta  Xaphtol  for  Naphtol^  etc. 

The  <  >FFK'J-U,  I>FFl\rn«tx  determines  the  source  rind  character  ot 
the  drug  or  chemicid  as  nxH>gnize<l  l>y  the  Phnrnia<H>|Mina*  In  the 
ea««»of  vegetafih^  <lrugs  the  botanical  name  of  the  plant  yielding  the 
drug  is  cy>mpc>seil  of  two  parts,  the  generic  name  and  tiie  spivifie 
name,  always  written  in  tlie  same  order  of  sequeni*e ;  the  first  or 
lgi*nerie  name  »*«  invariably  liegun  with  a  cn|iital  letter,  and  is  iisiudly 
Ifmphn'Hl  an  tlu*  oth(*ial  I-Jitiu  name  of  the  drug,  while  the  specific 
ne  is  only  lM*gun  with  a  i-npifal  hotter  when  tlerivi^l  fnnu  a  g< 
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Hanburiiy  or  when  it  is  indeclinable,  as  in  Aspidosperma  Quebracho^ 
bianco.  The  necessity  for  using  the  full  botanical  name  of  the 
plant  to  indicate  the  source  of  the  official  drug  is  clearly  shown  in 
the  case  of  the  genus  Lobelia,  of  which  the  Pharmacbpa?ia  recognizes 
only  the  species  infiaia,  although  two  others,  syphilitica  and  cardi- 
naJisy  are  also  well  known ;  of  the  genus  Orindelia  two  species, 
robusia  and  squarroaay  are  recognized  as  furnishing  the  official  drug. 
Accompanying  the  botanical  name  of  the  plant  is  the  name  of  the 
author,  printocl  in  Roman  tyi>e,  and  following  it,  enclosed  in  paren- 
theses, the  natural  onler  to  which  the  plant  l)elongs,  thus,  Veronica 
virginica,  Linn6  (nat.  onl.  Scrophulariacece). 

In  the  case  of  official  chemicals  it  becomes  necessary  to  establish 
the  identity  of  the  compound  by  expressing  its  exact  composition 
bv  mt^ans  of  symbolic  formulas ;  thus  in  the  case  of  sodium  phos- 
phate the  formula  Xa2HPO^+12HjO  specifies  clearly  the  kind 
officially  recognized  bv  that  name;  other  varieties  of  sodium  phos- 
phate, such  as  NajHPO.+eHjO,  Na,HP()„  or  even  XaHjPO,,  or 
NajPO^  (»n  therefore  not  l)e  used  in  prescriptions  or  official  prepara- 
tions. The  official  definition  of  alumeu,  alum,  is  Al2K2(SOJ^+ 
24H2O,  showing  that  the  pharmacopceial  alum  is  potassium  alum, 
or,  more  strictly  speaking,  ]X)tassium  and  aluminum  sulphate;  since 
commercial  alum,  as  a  rule,  is  ammonium  alum,  the  official  definition 
is  important,  and  necessary  to  establish  the  chemical  character  of 
the  comj)ound  to  be  used  as  alum  in  pres<Tiptions  and  official 
preparations.  The  Pharmacopneia  recognizes  as  magnesium  car- 
tx)nate  a  comjwund  for  which  the  symbolic  formula  4MgC()3.Mg 
(Oir)2+oH,0  is  given,  which  shows  it  to  be  not  true  magnesium 
carlK)nate,  but  a  substance  containing  four  mole<*ules  of  magnesium 
carbonate,  one  molecule  of  magnesium  hydroxide,  and  five  molecules 
of  water.  The  official  definition  for  pure  morphine,  0,711,^X03+ 
HjO,  r(»iH)gnizes  a  (compound  <'ontaining  one  molecule  (in  this  (*ase 
5.94  |)er  <»ent.)  of  water,  and  for  pure  quinine  Cj^Hj^XjOj  +  SHjO, 
a  compound  containing  three  molecuU»s(in  this  cas(^  14.28  i>er  cent.) 
of  water.  Whenever  water  is  expressed  in  a  symbolic  formula,  as 
in  the  five  cas(»s  alx)ve  mentioiuHl,  it  forms  an  integral  part  of  that 
formula,  and  is  shown  to  l>e  an  esstnitial  constituent  of  the  official 
com|>ound  ;  in  the  majority  of  cases  the  prest»uce  of  such  water  lends 
to  the  <»ompound  its  |M>wer  to  assume  the  crystalline  form,  and  is 
then  known  as  water  of  crystallization,  but  wlien  not  so  rcijuired  it 
is  known  as  water  of  hydration,  as  in  the  cjisiM)f  the  official  magne- 
sium «irlH>nate.  Every  symlmlii*  formula  is  follow^nl  by  a  number 
which  expr(^s<'S  the  molecular  weight  of  the  com|)Oun(l,  that  is,  the 
sum  of  the  weights  of  the  at<»ms  of  (H)mponent  elements  ;  thus  in 
the  (-as^*  of  the  official  bismuth  citrate,  BiC^H^O^  =  81>7.44,  the 
mohnmlar  weight  397.44  is  e<jual  to  the  sum  of  the  weights  of  all 
the  atoms  repn.^'nt<xl  in  the  comi>ound,  namely,  1  atom  of  bismuth 
=  20M.9,  <)  atoms  of  carlxui  =  (11.97  X  0)  71.82,  i)  atoms  of  hydro- 
gen =  (1  X  5)  5,  and  7  at4)ms   of  oxygen  =  (15.96  X  7)  111.72, 
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or  208*9  +  71.82  +  5  +  111.72  =^  397.44  ;  official  sodium  carbonate 
is  ^ven  as  NsjCOa  +  lOHjO  =  286.45,  in  which  case  the  weight  of 
all  the  atoms  of  the  erystalliae  compoimrl,  including  the  water,  ia 
acHijuuted  for  in  the  molecular  weight,  285,45,  m  follows :  2  atoms 
of  S4xlium  =  2ii  X  2  or  46,  1  atom  of  carlwu  ^  11,97,  3  atoms  of 
oxvgeu  =  16.96  X  3  or  47.88,  ten  times  2,  or  20  atoms  of  hydro- 
gen =  1  X  20  or  20,  and  10  further  atoms  of  oxvgen  =  15.96  X  10 
or  159.6,  or  46  +  11.97  +  47.88  +  20  +  159.6  =  285.46, 

The  number  following  simple  elements  expresses  only  the  weight 
of  a  single  atom,  as  bromine,  Br  =  79.76,  sulphur,  S  ^=  31.98, 
etc.  Atomic  and  molecular  weights  are  of  value  in  the  proper 
construction  of  equations  for  tlie  purpose  of  demonstrating  chemical 
reactions* 

The  Official  Description.  Whilethe  official  definition  is  a  brief 
but  exact  statement  of  the  nature  and  source  of  drugs  and  of  the 
composition  of  chemicals,  the  official  dt^cription  amplifies  the  defini- 
tion by  adding  tfie  physical  characteristics  of  drugs,  such  as  sha})e, 
size,  odor,  and  taste,  together  with  a  statement  of  possible  impuri- 
ties and  adulterations  and  means  for  their  detetlion.  For  chemicals 
is  added  a  clear  account  of  their  physical  proi>erties,  their  behavior 
toward  different  solvents,  and  such  tests  as  shall  enable  the  phar- 
macist to  detect  imjvurities  and  establish  the  fuUilment  of  pharma- 
copceial  requirements.  The  official  description  is  always  printed  in 
small  tyjic,  aud  forms  a  most  valualile  and  important  part  of  the 
Pharroactjpceia. 

DlspenaatorieB. 

A  diapenaatory  is  a  commentary  on  the  PhammoopoBia,  aBd»  aa 
such,  has  become  indispetisable  to  both  physicians  and  pharmacists. 
While  the  text  of  the  Pharmacopoeia  iscoutined  to  the  definition  aud 
description  of  drugs  and  chemicals  as  well  aa  to  the  official  te&ta  and 
ruQuirements  and  aix^cptt^l  ibrnjulas  for  numerous  prei>aration8,  much 
valuable  additional  information  \%  given  in  the  dispensatories,  sucji 
as  historical  data,  action,  and  u^es,  as  well  as  doses  of  medicines, 
together  witli  comments  on  and  explanations  of  pharmaceutical  and 
ctiemical  procea^ses.  Besides  the  official  drugs  and  chemicals,  a  large 
number  of  unofficial  rerae<lies  and  formulas  are  also  treated  in  detail. 
Two  <lispen.satories  are  publislied  In  this  country :  the  Vniltd  Slate* 
Vf  -y,  cslabllslted   in   183.1,  by  Wood  and  Bachc,  which  baa 

»<•  <\  its  seventeenth  e^lition,  and  the  yatiojial  Dispenaatory^ 

c«tabhslje<i  in  lH7fK  by  Slille  an<i  Maisch^  of  which  8ve  editions 
have  ttius  far  bi^u  publisluHL 


CHAPTER  II. 

WEIGHTS  AND  MEASURES. 

Metrology  (from  the  Greek  word  fiirpovy  measure,  and  idyocy  a 
disoourse)  is  a  study  of  the  art  and  science  of  measurements  as 
applied  to  extension,  volume,  and  weight  of  matter.  Measure  of 
extension  may  be  either  of  length  or  oi  surface,  while  measure  of 
volume  or  bulk  applies  to  the  cubic  contents.  Measure  of  weight 
is  the  determination  of  the  gravitating  force  of  bodies,  that  is,  of 
their  attraction  by  the  earth  toward  its  centre,  such  attraction  bearing 
a  direct  relation  to  the  quantity  of  matter  contained  in  a  body ; 
hence  weight  is  pressure  exerted  by  a  body  upon  a  horizontal  plane 
supporting  it.  True  weight  can  only  be  obtained  in  vacuo,  where 
the  exact  measurements  of  the  force  of  gravitation  cannot  be  inter- 
fered with  by  atmospheric  pressure ;  all  measurements  of  weight  in 
any  medium,  such  as  air  or  water,  must  therefore  eive  low  results. 
Ordinary  operations  of  weighing,  being  conducted  m  air,  give  ap- 
parent weight  of  the  substance  only. 

Weighing  and  measuring  being  operations  of  daily  occurrence  in 
pharmacy  which  require  care  and  exactness,  a  knowledge  of  the 
standards  of  weights  and  measures  in  use  in  this  country  and  else- 
where is  absolutely  necessary.  With  more  or  less  modification  the 
standards  at  present  in  use  in  pharmacy  in  the  United  States  and 
Great  Britain  are  the  same  as  those  formerly  employed  by  the 
Romans,  and  which  in  all  probability  were  by  them  derived  from 
the  more  ancient  Greek  nation.  Three  different  systems  of  weights 
are  at  present  employed  in  all  English-speaking  nations ;  namely, 
avoirdupois  weight,  apothecaries'  weight  and  metric  weight. 

Avoirdupois  weight,  as  its  name  would  seem  to  indicate,  is  prob- 
ably of  French  origin  {avoir  du  poids^  to  have  weight),  and  was  no 
doubt  introduced  into  Great  Britain  during  the  reign  of  the  Nor- 
man dynasty ;  it  first  appeared  in  the  English  statute-books  in  1335. 
Avoirdupois  weight  is  employed  in  the  sale  of  all  commodities  ex- 
cept precious  metals  and  precious  stones,  hence  drugs  are  always 
bought  and  sold  by  pharmacists  by  this  system.  In  Great  Britain 
avoirdupois  weight  is  also  employed  in  the  formulas  of  the  British 
Pharmacopoeia,  and  is  now  known  there  under  the  name  of  Imperial 
weight.  In  1824,  the  value  of  an  avoirdujmis  pound  was  defined 
by  law  in  England  to  Ik?  J^^  of  the  old  standard  troy  pound.  The 
divisions  of  avoirdu|)ois  weijjht  are  the  pound,  ounce,  drachm,  and 
grain,   which   are  symbolized  by  the  following  characters  :  lb,  oz., 


WEIGHTS  ASD  MEASURES, 


n 


drm.^  gr.;  each  pouDd  contains  16  ounces  and  each  ounce  16  drachms 
or  487J  grains.  The  term  drachm  is  rarely  employed,  quantities 
leas  than  an  ounce  being  usually  designated  by  tx>mmo«  I'mctions, 
such  as  -y*^  oz.,  I  oz*,  J  oz  f  or  in  grains.  The  avoirdupois  pound 
containing  7000  grains  (4*^7^  X  16)  is  the  only  pound  used  in  the 
United  States  and  Great  Britain  except  at  the  mints  ;  the  standard 
pound  is  the  equivalent  in  weight  of  27.7015  cubic  inches  of  distilled 
water  at  62°  Fahrenheit  and  normal  barometric  pressure. 

Apothecaries*  weight  was  probably  deriveci  from  troy  weight, 
which  latter  was  introduced  into  Great  Britain,  by  merchants  from 
Lombardy,  toward  the  close  of  the  thirtcMi^nth  century;  it  is  era- 
ployed  altogetljer  in  the  writing  and  comi>ounding  of  physicians' 
prescriptions,  and  is  divided  into  grains,  scTupIes,  drachms,  and 
ounces,  of  which  20  grains  are  equal  to  1  scruple,  3  scruples  are 
equal  to  1  drachm,  and  8  drachms  are  e([ual  to  1  ounct\  The 
apothecari^V  ounce  is  of  the  same  value  as  the  now  obsolete  English 
troy  ounce-  The  following  symlx>ls  are  employed  to  designate  the 
divisions  of  apoUiecaries*  weight,  and  always  precede  the  number 
mdicating  the  quantity  intenaetl,  which  is  expressed  in  Roman 
numericalsj  thus,  gr.  j,  for  one  grain,  3ij,  for  two  scniples,  3iij?  for 
three  drachms^  5iv,  ibr  four  ouuces.  As  far  l>ack  as  1266,  during 
the  reign  of  Henry  III,,  a  statute  was  enacteil  in  England  which 
providetl  that  an  English  silver  penny,  called  a  sterling,  round  and 
without  clipping,  should  equal  in  weight  3*i  wheat-grains,  well  dried 
and  taken  from  the  centre  of  the  ear,  and  that  of  such  pence  20 
should  make  1  ounce,  and  12  ouni^es  1  pound.  About  1497,  in  tlje 
time  of  Henry  VI L,  the  weight  of  the  silver  penny,  however,  was 
changed  to  the  e<^piivalent  of  24  wheat-grains.  These  statutes  clearly 
indicate  the  origin  of  the  pennyweight  and  the  troy  system,  from 
which  the  apotheranes'  weight,  still  in  use  at  the  present  day,  was 
subsequently  derived.  The  choice  of  wheat-grains  from  (he  centre  of 
the  ear  arose  from  a  desire  for  uniformity  in  size  and  weight,  as  did 
likewise  the  direilions  to  employ  the  grain  weit  driah  The  adoption 
of  troy  weight  by  physicians  and  pharmacijiits  dates  back  to  1618, 
when  the  first  London  Pharmacopoeia  was  compiled.  In  1826, 
Imperial  measures  and  standards  were  legalized  in  England,  and  in 
1827  exact  copies  of  these  standards  were  furnished  tlie  minister  of 
the  United  States  Government  at  London  ;  namely,  the  standanl 
yard,  a  bronze  luir  of  36  inches  length,  a  brass  troy*pound  weight 
of  6760  grains,  and  a  brass  avoirdupois- pound  weight  of  700<> 
muos ;  c\>pi<«  of  these  standards  were  supplied  to  the  different 
Statcti  in  1836  by  Act  of  Congress.  The  length  of  the  standanl 
jrard  is  determined  by  comparison  with  a  |>endulum  beating  second;* 
of  mean  time,  in  u  vacuum,  at  the  temjieniture  of  62^  Fahrenheit, 
at  the  level  of  the  sea,  in  tfie  latitude  of  Jxmdon  ;  tJie  length  of  such 
a  pendulum  was  found  to  be  39»1302t)  inches.' 

Fn^m  what  has  been  said  above  it  is  clear  that  every  troy  or 
apothecaries*  ounce  is  heavier  than  the  avoirdupois  ounce  by  42^ 
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grains ;  hence  to  find  the  corresponding  value  in  avoirdupois  ounces 
of  any  given  number  of  troy  or  apothecaries'  ounces,  add  to  the 

latter     -  -   *  =  (  -■--  or  ^^e  J  o^  ^^^^  number,  thus  Sxxiv  =  24 

17 
avoirdupois  ounces  plus    ^     of  24,  which  is  24  +  2.33,  or  26.33 
175 

ounces ;  if,  on  the  other  hand,  avoirdupois  weight  is  to  be  converted 

into  apothecaries'  or  troy  weight,  subtract  from  the  number  of  ounces 

giveu      -^  =  (  ^      or    ---  )  of  the   number,  thus  26.33  ounces 
^  480       V960       192y  ' 

=  26.33  —  y^  of  26.33,  which  is  equal  to  26.33  —  2.33,  or  24 

.  A  apothecaries'  or  troy  ounces. 

>  While  apothecaries'  weight  is  employed  in  compounding  prescrip- 

tions both  in  this  country  and  Great  Britain,  it  is  not  used  in  either 
V  the  United  States  or  British  Pharmacopoeias,  and  will  no  doubt  be 

\^  entirely  abolished  in  the  course  of  time,  when  a  uniform  international 

system  of  weights  shall  have  been  adopted  by  the  medical  and  phar- 
maceutical professions  of  both  countries.     The  grain  is  the  connect- 
\  ing  link  between  avoirdupois,  troy,  apothecaries'  and  Imperial  weight, 

being  the  same  in  all. 
^^  The  fluid  measure  used  by  pharmacists  of  the  United  States  is 
derived  from  the  old  wine  measure  of  England  (now  extinct),  which 
allowed  to  each  wine  gallon  the  volume  of  231  cubic  inches,  or 
68340.011  grains  of  distilled  water  at  15°  C.  (59°  F.) ;  the  Im- 
perial gallon  of  Great  Britain  contains  217,27^  cubic  inches,  or 
70,000  grains  of  distilled  water  at  62°  Fahr.  In  both  cases  the 
gallon  is  divided  into  8  pints,  but  the  pint  of  wine  measure  con- 
tains 16  fluidounces,  white  the  Imperial  pint  contains  20  fluid- 
ounces.  The  United  States  fluid  measure  has  the  following  units : 
the  minim,  the  fluidrachm,  and  the  fluidounce,  which  are  repre- 
sented by  the  following  signs :  H,  fS^  fS ;  iu  addition,  the  pint  and 
eallon  are  sometimes  employed  in  commercial  transactions,  being 
designated  by  the  abbreviations  0,  from  Octarius^  for  pint,  Cong,y 
from  Gongius,  for  gallon.  The  units  of  Imperial  fluid  measure  b^r 
the  same  names  as  those  employed  for  United  States  fluid  measure, 
but  diifcr  from  them  in  value ;  thus,  while  the  Imperial  minim  of 
water  weighs  0.91  (0.9114583;  grain,  the  United  States  minim  of 
water  weighs  0.95  (0.9493)  grain,  and,  since  both  fluidounces  contain 
480  minims,  the  Imj)erial  fluidounce  of  water  weighs  437.5  grains, 
but  the  United  States  fluidounce  455.70  grains,  at  15.6°  C.  (60°  F.). 
Each  fluidounce  is  divided  into  8  fluidrachms  and  each  fluidrachm 
.into  60  minims. 

It  must  not  be  (>verlooke<I  that  many  liquids,  although  dispensed 
and  sold  by  the  apothecary  by  fluid  measure,  are  ])urchased  from  the 
manufacturer  by  weight,  and  whenever  the  specific  gravity  of  the 
liquid  diflers  materially  from  that  of  water  there  must  be  also  a 
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iBark^ii  diirt'n*iif'«'  in  the  relative  volume ;  thus  glycerin,  syrum, 
chlon>tV)rm,  ith«*rs,  acids,  cs^sential  oils*,  and  nuiny  ohemiral  »olu- 
tion.^,  a IX'  always  purtliasetl  by  weight*  Tin*  follow in^  libt  sliowft  the 
niimhtT  i»f  Hiiid«)iiii<'e^  in  one  ]K»und  of  the  rt«[>eetive  li(|iud9^  of 
pharmarti|Mi'ial  i|iiality : 


One  Pound  of  Sulphuric  Add  mettsuros  about  H\  (luidouiiooA* 

**  *'      Mon««erH  Solution  meaAurefi  About    .        .     10  ** 

«  **      Chloroform 

'*  "      Srrup  "  ♦• 

"      *ilv<^rin  " 

♦•  **      Oi^ulards  Extmct       "  " 

•*  "      Ammcmia  Water         *'  "        .        .16 

*^      ^^rr'Titrur  Ammonia  Water  meMUres  about     17 
:  nf  NiimuH  Ether  **  **        181 

L- lit isil  Oil  raea*iures  from     .         .     13  to  18 
Kihermeasixres  nboiit  21 1 


lot 

Hi 

i2i 


T\w  Mki  iticor  Decimat.  system  of  weights  and  measure?-,  w'^'i^^h  in 
the  only  official  ^y^tem  of  the  present  rnit^MJ  States  Pharma<^»jMeia, 
is  8uppos*xl  to  have  originated  in  the  fertile  mind  of  the  Freueh 
statesman,  iVint'e  de  Talleyrand,  toward  the  close  of  the  laat  cen- 
tury, and  was  enforced  in  Frauee  by  law  in  December,  1799.  It 
Iia*  already  lieeorne  the  legal  Htautlard  in  all  civilized  cH>imtrieii 
eaceept  the  Unite<l  States  and  Grc^t  Britain,  and  is  destined  to 
b«H^>me  the  universal  standard  for  oomniereial  trausaetion^,  as  it  in 
filreaiJy  forstri<*tly  scientific  work,  the  world  over. 

The  use  of  metric  weights  and  mwi^mri^j^  wais  legalized  in  the 
TTnited  Stjit^-s  and  <Tn»at  Britain  in  18*J6,  but  neither  country  has 
a»  yet  otfieially  adciptttl  them,  although  the  pr<:»srKH'tfl  for  such  desira- 
ble action  are  briglitening.  In  1878  the  nse  ot  the  metric  syt^tem 
was  made  obligatory  in  the  purehase  of  medical  supplier  for  the 
United  States  Marine-Hospital  servnce.  Since  the  introduction  of 
a  new  gy!«tem  of  weights  and  measures  mtiM,  no  doubt,  for  a  time 
create  s«*me  confusion,  a  careful  study  of  the  ^me  is  required  of 
pharmacists  and  physicians.  The  principles  ujwn  which  the  metric 
system  wjis  fjiunoed  are  as  follows:  The  reduction  of  all  weights 
an<i  measures  to  one  uniform  standani  of  linear  raea-sure ;  the  use 
of  :in  aliquot  })art  of  the  <^rth*s  eircumfcremje  as  such  standard; 
tlie  applictatitm  of  the  unit  of  linear  measure  to  matter  in  it#  thret* 
nHKlcs  of  I  II — Icnglh,  bn*adth.  aud  thickness — as  a  standani 

of  all  m» M  1     length,  surfiuf,  aud   solidity;    the  cid>ic  ivut- 

tentnof  lim-ur  nic^isun'  in  distith^l  water  at  the  tera]>erature  of  its 
greatest  (h'usity  to  furnish  at  once  the  standani  measure  of  weight 
uid  of  iti|Micity ;  everything  sugf'eptible  of  being  weight<l  or 
mecLHured  ti»  have  only  one  mea.su re  of  weight,  one  measure  of 
length,  and  one  measure  o(*  ejipneity,  with  their  multiples  and  sub- 
divlsiotjs  i*\<*Iusively  in  di*<'inial  pnqiortious,  and  every  weight  and 
every  measun*  to  1m»  dci^ignatnl  by  an  apprt>priate  significant  char- 
acteristie  name  apjilif^l  exclusively  to  itself 

A.s  a  ki.sis»  flic  authoi^^  of  the  metric  ^jyntem  adopted  a  quadrant 
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(one-fourth)  of  the  earth's  circiimference,  and  dividing  this  into  ten 
million  parts  they  obtained  a  certain  measure  of  length,  which  they 
named  meter  (French  m^re)  and  adopted  as  a  standard  for  all  units 
of  measurements ;  this  meter,  which  was  made  the  unit  of  linear 
measure,  is  equal  to  39.3704  inches.  One-tenth  part  of  the  meter, 
applied  to  cuoic  measurement,  was  made  the  unit  of  measure  of 
capacity  and  called  a  liter  (French  liire)\  it  is  equal  to  33.8149 
U.  S.  nuidounces  or  2.1136  wine  pints.  The  one-thousandth  part 
of  the  liter  (which  is  equal  to  tlie  cube  of  one-hundredth  part  of 
the  meter)  was  chosen  to  furnish  the  unit  of  weight ;  the  weight 
of  such  a  volume  of  distilled  water  at  its  greatest  density,  4*^  C. 
(39.2°  F.),  was  called  a  (jramme,  and  is  equal  to  15.43235639  grains. 
The  multiples  of  these  units  are  denoted  by  prefixes  of  the  Grei»k 
numerals,  deha  10,  heclo  100,  kilo  1000,  myria  10,000 ;  while  pre- 
fixes of  the  Ijatin  numerals  denote  the  subdivisions,  thus  deciy  one- 
tenth  ;  cenii^  one-hundredth,  and  milli,  one-thousandth.  Two  other 
units  of  tlie  metric  system,  the  are  (the  s^juare  of  ten  meters),  and 
the  stere  (a  cubic  met<»r),  are  not  of  pharmaceutical  interest.  Al- 
though the  liter  is  the  unit  of  measures  of  capacity,  the  subdivisions 
of  this  unit  are  almost  invariably  spoken  of  as  so  many  cubic  cen- 
timeters, since  each  liter  is  e<jual  to  1000  cubic  centimeters,  thus 
the  expressions  10,  50,  100,  250,  750  cubic  centimeters,  etc.,  are 

f>refernKl  to  1  centiliter,  5  centiliters,  1  deciliter,  one-fourth  of  a 
iter,  and  three-fourths  of  a  liter.  In  like  manner  the  specific  names 
of  the  fourth  multiple  of  the  units  are  rarely  employed,  it  being 
customary  to  dc^siguate  all  above  the  third  multiple  as  so  many  of 
that  multiple,  thus  10  kilometers  instead  of  1  myriameter,  15,000 
liters  instead  of  IJ  myrialiter,  and  20  kilogrammes  instead  of  2 
myriagninimes,  etc.  When  writing  the  names  of  metric  measures 
and  weights,  abbreviations  are  usually  employed  in  plac^e  of  the  full 
names,  as  will  Ikj  seen  from  the  following  tables,  which  also  give  the 
corn*SjM>nding  values  in  customary  weights  and  mt»asures : 


1  M^'riameter, 

1  Kilometer, 

1  Hectometer. 

1  Dekumeter, 

1  Meter, 

1  Decimoler, 

1  (.'en  I  i  meter, 

1  Millimeter. 


Mnmures  uf  Ijentjth. 

Mm.  =  10000.0  M.' 

Km.   =  1000.0   " 

lim.  =  100.0   *• 

Dm.    --  10.0   ** 

M.      =  1.0   " 

dm.     -  0.1    " 

cm      =-  0.01    " 

mm.    =  0.001    " 


(1.21 37 -f-  miles. 

4.97104-  furlongs 
19.8840-  rtxis. 
32.8080 -f  feet. 
39.3704      inches. 

3.93704 

0.393704      " 

0.0393704     " 


}frtutiireM  of  Oii)*i*'>ly. 


1  Mvrialiter,  Ml.  =  lOOOO.O  L. 

1  Kiloliter,  Kl.  =-  1000.0 

1  Hectoliter,  HI.  =  100.0 

1  1  dekaliter,  1>1  10.0 

1  IJler,  L  =  1.0 

1  I)e<ilii«-r,  dl.  =  0.1 

1  (Vniilitrr.  cl.  =  O.Ol 

1  Milliliter.  ml.  0.001 

1  (.'iibir  centimeter,  i-cm.  =^  0.001 


-  26417Si»0^  gallons. 
2r,4.1789-i-       *' 
215.4178-^       " 
2.(5417  ^-       " 
33..S149   -  lluidounci's. 
3.3S149-         '' 
0.33S149  >        *• 
0.03:W14y  -     " 
0.0:^i8l49--     " 


Jl/fcuures  o/"  Weight, 

Mg. 

== 

10000.0  G.  = 

220461 -h  pounds. 

Kg. 

= 

1000.0   **    = 

220464- 

Hg. 

= 

100.0  "    = 

3.6273-f  av.  ozs. 

Dg- 

= 

10.0  "    = 

154.3235639    grains. 

Gm. 

= 

1.0   "    = 

15.43235639        " 

dg. 

== 

01   "    = 

1.543235639      " 

eg 

= 

0.01    "    = 

0.1543235639    " 

rag. 

= 

0.001    "    = 

0.01543235639  " 
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1  Myriagrainme, 
1  Kilogramme, 
1  Hectogramme, 
1  Dekagramme, 
1  Gramme, 
1  Decigramme, 
1  Centigramme, 
1  Milligramme, 

The  U.  S.  Pharmacopoeia  deviates  from  these  abbreviations 
in  three  instances,  using  Mm,  in  place  of  mm.  for  millimeter, 
On.  in  place  of  cm.  for  centimeter,  and  Cc.  in  place  of  com.  for 
cubic  centimeter.  The  numerical  expression  of  all  weights  and 
measures  should  always  be  accompanied  by  the  abbreviation  used 
for  the  unit,  and  whenever  subaivisions  are  not  given  a  cipher 
should  follow  the  decimal  point,  so  as  to  indicate  more  clearly  the 
intention  of  the  writer ;  thus,  25.0  Gm.  and  350.0  Cc,  leave  no 
doubt  whatever  as  to  the  quantities  desired,  whereas  25  Gm.  and 
350  Cc.  might  have  been  carelessly  written  for  2.5  Gm.  and  35.0 
Cc.  Since  the  value  of  the  numerical  expression  depends  entirely 
upon  the  correct  placing  of  the  decimal  point,  due  care  must  be 
observed,  lest  the  misplacement  thereof  increase  or  decrease  the 
intended  value  tenfold.  When  reading  metric  weights  and  measures 
the  multiples  of  the  units  should  be  read  as  so  many  units,  but  the 
subdivisions  are  preferably  named  as  so  many  of  the  lowest  division 
possible ;  for  instance,  25.050  Gm.  should  be  read  25  grammes  and 
50milligrammes  instead  of  25  and  p^  grammes  ;  0.125  Gm.,  one  hun- 
dred and  twenty-five  milligrammes  instead  of  12 J  c^entigrammes  or 
1  decigramme  2  centigrammes  and  5  milligrammes ;  0.02  M.  should 
be  read  as  2  centimeters  or  20  millimeters,  but  never  as  j^  or 
1  j^Q  of  a  meter;  1.425  L.  should  be  read  as  1425  cubic  centimeters 
instead  of  1-^^q%  liter  or  1  liter  and  425  cubic  centimeters. 

The  corresponding  values,  in  customary  weights  and  measures,  of 
a  few  metric  weights  and  measures  should  be  firmly  fixed  in  the 
mind  for  convenient  use  while  reading  or  studying ;  as, 

1  Mm.  (millimeter)  =  ^\  of  an  inch. 

1  Cm.   (centimeter)  =   |     '*  " 

1  inch  =  25  millimeters  or  2j  centimeters. 

1  Cc.  (cubic  centimeter)  =  16. 23  minims  or  0.27  fluidrachm  or  0.0338  floidounce. 

1  floidoonce  =  29.57 -f-  cubic  centimeters  at  4°  C    (39.2°  F.),  or  29  53  Cc.  at 

15.6°  C  (60°  F.) 
1  Gm.  (gramme)  =  15.4324  grains. 
1  ffrain  =  0.06479 -f  gramme  or  64.79  milligrammes. 
1  Mg.  (milligramme)  =  0.01543  grain  (practically  ^\  grain). 
1  L.  (liter)  =  33.815  (nearly  34)  fluidounces  or  2*^  pints. 

In  larger  commercial  transact  ion. •^  the  kilogramme  is  the  metric 
weight  generally  employed,  l)eing  frequently  abbreviated,  "  kilo"  ; 
it  is  equivalent  to  2^  avoinlupois  pounds  +  34  grains. 
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The  following  simple  rules  will  enable  anyone  to  readily  convert 
metric  w^eights  and  measures  into  those  customary  in  this  country, 
the  results  being  practically  correct. 

For  linear  measure :  Divide  the  number  of  millimeters  by  25, 
300,  or  900 ;  the  quotients  will  be  the  answer  in  inches,  feet,  or 
yards,  respectively. 

For  measures  of  capacity  :  Divide  the  number  of  cubic  centi- 
meters by  0.06163, 3.697,  or  29.57 ;  the  quotients  will  be  the  answer 
in  U.  S.  minims,  iluidrachms  or  fluidounces,  respectively. 

For  weight:  Divide  the  number  of  grammes  by  0.06479,  3.8874, 
or  31.0992;  the  quotient  will  be  the  answer  in  grains,  drachms,  or 
apothecaries'  ounces  respectively. 

In  the  actual  operations  of  weighing  and  measuring,  however, 
it  will  be  found  more  desirable  to  be  provided  with  a  set  of  accu- 
rate metric  weights  and  measures ;  for  then  even  the  slight  errors 
arising  from  the  translation  of  one  system  into  another  can  be 
avoided. 


Comparative  Table  of  Metric  with  Avoirdupois  avd 
Apothecaries'  Weights. 


Namea. 


Milligramme 

Centigramme 

Decig^ramme 

Gramme 

Dekagramme 

Hectogramme 

Kilogramme 

Mynagramme 


1    Nnmerical 

EqntTalents  in 

,        EqalTftleots  in 

EquiTftlents  in 

Expreaions. 

Gnint. 
Or. 

ATolrdupoU  Weight. 
1   lb.      o«.         gr. 

Apothecaries'  Weight. 

Om. 

5 

5        gr. 

0.001 

0.01543 

«V 

-        A 

0.010 

0.15432 

Y 

...         i 

0.100 

1.54323 

... 

1.5 

... 

...       1.5 

1.0 

15.43235 

15.4 

... 

...      15.4 

10.0 

154  3235C 

1    ... 

1 

45.0 

2     34.0 

1000 

1543.23563 

S\ 

12.0 

3 

1      430 

1000.0 

15432.35639 

1     2 

31 

10.47 

32 

1      12.4 

10000.0 

154323.56390 

22 

A 

14.8 

321 

4       3.5 

The  weight  in  grains  of  a  cubic  centimeter  and  a  U.  S.  minim  of 
distilled  water  must  van'  with  the  temperature  at  which  the  meas- 
urement is  made ;  hence  the  relation  l)etwiH?n  metric  and  U.  S. 
aix)the(!arie8'  fluid  measure  remains  uniform  for  all  temiK^ratures. 
At  4°  C.  (39.2°  F.)  a  cubic  centimeter  of  distilled  water  weighs 

15.4324  grains,  while  a  minim  weighs  of  456.392   grains,   or 

480 

0.9508  grain,  hence  each  cubic  centimeter  is  ecjual  to  1 5.4324  -j-  0.9508 
or  1<).23  minims  ;  at  15*^  C.  (59°  F.)  a  cubic  centimeter  of  distilled 
water  weighs  15.392  grains,  while  a  minim  weighs  0.9483  grain, 
henc<*  each  cubic  crntimeter  is  CH|ual  to  15.392  -r-  0.9483  or  16.23 
minims. 

In  writing  |)r(^Tiptions,  physicians  are  in  the  habit  of  (considering 
4  C'c.  (iwtually  3.6969)  as  wpiivalent  to  1  fluidnichm,  and  30  Cc. 
(actually  29.57)  as  equivalent  to  1  fluidounce. 
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Comparative  Table  of  Metric  and  Apothecaries'  Fluid  Measure 


Cubic  Centimeter. 

0.06163 
0.30815 


MiDimB.  fS       fS       "HI 

1.0  

5.0  


1 

21.15 

... 

2 

42.3 

•  .. 

5 

24.6 

1 

0 

6.9 

1 

2 

49.2 

1 

5 

31.5 

2 

0 

13.8 

2 

2 

56.1 

2 

5 

38.4 

3 

0 

20.7 

3 

3 

3.0 

8 

3 

37.5 

16 

7 

15.0 

33 

6 

30.0 

061630      '  10.0 

1.0  16.23 

5.0  81.15 

10.0  162.30 

20.0  324.60 

30.0  486.90 

40.0  649.20 

50.0  811.50 

60.0  973.80 

70.0  1136.10 

80.0  1298.40 

90.0  1460.70 

190.0  1623.00 

250.0  4057.50 

500.0  8115  00 

1000.0  16230.00 


Physicians  and  pharmacists  cannot  be  too  careful  in  the  use  of 
metric  weights  and  measures  in  the  writing  and  reading  of  prescrip- 
tions. In  continental  Europe,  where  the  metric  system  has  been  in 
use  for  many  years,  no  signs  are  used  in  prescriptions,  because  all 
ingredients,  whether  solid  or  liquid,  are  weighed,  and  it  is  under- 
stood that  weight  is  always  intended ;  whenever,  for  any  reason, 
measures  are  wanted,  the  signs  L.  (liter)  or  Ccm.  (cubic  centimeter) 
are  employed.  But  in  this  country,  and  also  in  England,  where  it 
is  still,  and  likely  to  remain,  customary  to  weigh  solids  and  to 
measure  fluids  in  the  dispensing  of  medicines,  the  official  abbrevia- 
tions given  in  the  U.  S.  Pharmacopceia  should  be  used  invariably, 
so  as  to  avoid  all  possible  confusion  ;  with  water,  and  the  average 
diluted  alcohol  tinctures,  it  would  probably  not  make  much  differ- 
ence whether  grammes  or  cubic  centimeters  were  dispensed,  but  in 
the  case  of  all  liquids  havine  a  higher  or  lower  specific  gravity  than 
water,  a  marked  variation  will  be  observed  ;  thus  20  Gm.  of  glycerin 
measure  16  Cc.,  and  20  Cc.  of  glycerin  weigh  25  Gm.;  60  Gm.  of 
simple  syrup  measure  45.5  Cc,  anci  60  Cc.  of  syrup  weigh  79.02  Gm.; 
80  Gm.  of  chloroform  measure  20.13  +  Cc,  and  30  Cc.  of  chloroform 
weigh  44.7  Gm.;  4  Gm.  of  bromoform  measure  only  1.4  Cc,  and 
4  Cc.  of  bromoform  weigh  11.32  Gm.;  10  Gm.  of  ether  measure 
13.77  +  Cc,  and  10  Cc  of  ether  weigh  only  7.26  Gm.;  50  Gm.  of 
alcohol  measure  60.97  +  Cc,  and  50  Cc  of  alcohol  weigh  41  Gm. 

It  is  incumbent  upon  the  medical  schools  of  this  country  to 
familiarize  their  students  with  the  decimal  system  of  weights  and 
measures,  as  is  now  done  in  all  colleges  of  pharmacy,  and  not  until 
the  National  Medical  and  Pharmaceutical  Associations  shall  have 
agreed  upon  some  rule  or  guide  for  the  two  professions  in  the  speci- 
fication of  metric  weights  and   mea.sures  in  prescriptions  will  the 
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pharmacist  be  relieved  of  annoyance  and  censure  caused  by  an  im- 
proper interpretation  of  quantities. 

In  the  absence  of  specified  fluid  measures  it  is  safest  to  follow  the 
custom  of  continental  Europe  and  weigh  all  solids  and  liquids  when 
dis))ensing  prescriptions  written  in  the  metric  system. 

In  1890  tiie  United  States  Government  obtained  from  the  Inter- 
national Bureau  of  Weights  and  Measures  prototy|)e  standards  of 
the  Meter  and  the  Kilogramme,  made  of  platinum-iridium ;  these 
were  placed  in  the  custody  of  the  Office  of  Standard  Weights  and 
Measures  at  Washington,  and  from  them  the  commercial  weights 
and  measures  now  in  use  are  derived.  The  value  of  the  United 
States  prototype  standard  Meter  and  Kilogramme  is  identical  with 
the  international  standards  derived  from  the  M^tre  and  Kilogramme 
"  des  Archives  "  of  France. 

The   United   States  yanl  is   defined   to   be  equal  to  ^^i^of 
■^  ^  393700 

a   meter;  the   pound    (avoinlupois)   is   denned   as  being   equal   to 

.  -  of  a  kilogramme,  and  the  liquid  gallon  is  the  volume 

1  o4uLo»J|Oo9 

of  3785.434  grammes  (58418.1444  grains)  of  water  at  the  tem- 
perature of  its  maximum  density,  weighed  in  vacuo. 

The  instruments  useil  in  weighing  and  measuring  are  balances, 
weights,  and  graduated  vessels,  and  the  nwessity  for  their  accuracy 
and  careful  preservation  cannot  be  too  strongly  emphasized. 

The  Balance,  or,  as  it  is  commonly  called,  "  a  pair  of  scales,'* 
is  no  doubt  the  most  useful  instrument  in  the  hands  of  the  phar- 
macist; upon  its  proper  construction  and  sensitiveness  depend 
the  aircuracy  of  weighing  and  correct  disiKMising  of  medicines ; 
hence  every  well-e<juipped  jJiarmacy  should  be  supplied  with  at 
least  three*  l>alancos  of  different  quality.  The  general  construction 
of  an  ordinary  balance  is  so  well  known  to  everylKxly  that  a 
detailfd  des<Tiption  seems  unnecc^ssary ;  the  simple  hand  scales 
(see  Fig.  1),  which  were  formerly  relied  upon  altogether,  have 
almost  completely  disappeared  in  this  country  ;  in  tiieir  stead  a 
more  8ub>tantial  instrument  is  now  used.  Tlie  single  l^eam  prin- 
ciple still  prevails,  in  which  a  metallic*  bar  is  sup|K)rted  at  its  centre 
on  a  kniftMHlgi*d  axis,  calleil  the  fulcrum,  thus  pro<lucing  two  arms 
of  iHjual  length.  The  fulcrum  projects  from  the  sides  of  the  iK^am, 
and  H'Sts  on  two  sup|K)rts  at  the  top  of  a  stationary  column,  so 
constructed  that  the  wear  and  tear  due  to  constant  fri(!tiou  is  relieved 
by  a  spei'ial  c^ontrivanrv  for  raising  the  lx»am  alK)ve  the  steel  or 
agate  plane  when  the  Imlann*  is  not  in  actual  use.  The  knife- 
edgeil  axis  and  the  sunintrt  on  which  it  i-ests  are  both  made  of 
hardene<l  stwl  and  highly  poIislKtl,  in  onler  to  reduw  friction  to  a 
minimum  ;  but,  since  even  >teel  is  liable  to  l)ecome  rusty,  jnirticularly 
when  ex]Mis(Ml  to  moisture  or  sicid  vapors,  agate  e<lges  and  planes, 
which  are  practically  indestructible,  are  now  preferi'ed  on  all  finer 
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balances.  The  centre  of  gravity  of  the  beam  should  be  slightly 
below  the  edge  of  the  fulcrum  ;  if  it  were  in  the  edge  of  the  fulcrum, 
the  beam  would  not  come  to  a  horizontal  position  when  the  pans  are 
etjually  loaded,  but  would  remain  in  any  position  where  it  might 
chance  to  Ik?  })laced.  If  it  were  alwve  the  edge  of  the  fulcrum,  the 
beam  would  remain  horizontal  if  placed  so ;  but  if  slightly  deflected  it 
would  tend  to  overturn  by  the  action  of  the  weight  of  the  beam.  The 
nearer  the  centre  of  gravity  comes  to  the  edge  of  the  fulcrum,  the  more 


Fio.  1. 


Old-style  hand  balance. 


accurate  and  sensitive  it  will  Ix? ;  but  at  the  same  time  it  will  turn 
more  slowly.  The  s(«le-pans  are  sus|x»n(led  in  suitable  wire  frames 
also  supported  by  means  of  knife  edges  from  the  ends  of  the  l^eam  ; 
in  order  to  insure  |)erfect  ecjuilibriuni  it  is  essential  that  the  end 
knife  edges  be  situated  equally  distant  from  the  central  point  of 
support  and  that  they  lie  in  the  same  plane  with  it,  all  three  edges 
being  iiarallel  to  each  other.  Tlie  lighter  in  weight  and  the  more 
inflexible  the  l)eam  the  gr(»ater  will  l>e  the  sensitiveness  of  the 
balance.  Both  of  th(»sc»  desirable  qualities  are  obtained  by  the  use  of 
aluminum  beams,  which  are  also  non-corrosive  and  non-magnetic. 

The  scale-pans  are  preferably  made  of  solid  nickel  or  solid 
silver ;  but  for  weighing  certain  chemical  substances  likely  to  attack 
the  metal  they  should  be  sup})Ianted  by  strong  glass  pans.  Eac*h 
iMilance  is  provided  with  an  indicator  in  the  form  of  a  long,  thin, 
flat  needle  attached  to  the  centre  of  the  beam  and  so  arranged  that 
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when  the  beam  is  in  perfect  stable  eciuilibrium  it  j)oint8  directly  to 
th(j  zen>  mark  on  a  short  graduated  jdate  attached  to  the  front 
base  of  the  upright  (see  Fig.  2) ;  on  some  balances  the  indicator 
][K)ints  upward,  the  graduated 
8c«le  l)eing  placed  at  a  little 
distance  al>ove  the  bt^am  (see 
Fig.  :].).  When  the  balance  is 
in  use  it  is  far  better  to  n»ly 
u|x)n  the  n»gular,  uniform  oscil- 


Fio.  3. 


Prescription  balaDce  with  iudicator  below 
the  boam. 


Prescription  balance  with  Indicator  above 
the  beam. 


lations  of  the  l)eam  as  shown  by  the  indicator  on  the  scale  than  to 
await  the  fixed  position  of  the  indicator  at  the  zero  jwint.  Every 
l>alan<»c  when  pun*hased  should  be  cjircfully  tt^stcxl  as  to  its  sensi- 
bility and  c^rrtH't  adjustment  ;  this  is  l>cst  done  by  allowing  the 
l>eiim  to  os<*illate  frt*ely  sup|K)rt(Hl  on  its  fulcrum,  with 'the  pans 
detached.  The  oscillations  sli<»uld  be  regular  and  the  Ix^am  finally 
return  to  its  horizontal  position  of  rest ;  but  it  must  Iw  borne  in 
mind  that    an  essential  re<|uisit<*  for  the  success  of   this  test  is  a 

I)erf(LH*tly  level  |H)siti<)n  of  the  i)alaucc.  Tin*  eciuilibrium  of  the 
K»am  should  also  Ih' maiutaiiKKl  wiicn  the  i)ans  arc  attached,  whether 
empty  or  lightly  or  hwivily  I<ku1c<1,  and  when  the  load  is  transposeil 
from  one  juin  to  th<'  other  ;  these*  t<'sts  prove  espial ity  in  the  length 
of  the  arms.  Fiu<»  pn^s<Ti|)tion  balances  should  be  kept  enclosed 
in  a  suitable  cilsc  provid^l  witii  glass  si(h*s  and  toj)  to  prottrt  them 
against  dust,  moistun*,  and  <'<)rn)sivc  va[Mu*s;  they  should  not  be 
8<*oureil  at  any  time,  but  simply  jwHsIkhI  with  a  |ucce  of  soft 
<*hamois  skin  <»r  dust<Ml  with  a  soft  <*{imel-hair.  brusii  ;  under  no 
cin-umstanivs  should  oil  or  <'halk  i)e  us(»d  on  the  knife  (nlges  or 
planes. 

(V)m|M»un<l  lever  Uilan<'<»>  differ  from  those  alnjve  descrilKnl 
<*hierty  in  having  tlu*  [)ans  situatinl  alnive  the  beam  and  su|)porti'<l 
\\\Hm  hmIs  s(»  <*oustru<*t«Hl  as  to  n*tain  their  vertical  iM^silion  during 
oscillatiiJU  ;  they  are  h*ss  sensitiv<'  than  the  single  Ix'am  pres<Ti[)tion 
lMilan<vs,  and  are  gi-neniliy  us<h1  for  coarser  weighing.  When  en- 
close<l  in  a  Imix  tlu'V  are  known  as  *Mm>x  scjiles'*  and  then  |)ossess 


MEASVBl 

thi:  advantage  of  havitiiJ  the  moiv  delicate  |>art8  of  tlie  DurhauL-ini 
prottx'teil  ugainst  injurv. 

no.  4. 


Preiedptlon  box  scaJe». 


Fiti.  (5. 


C  ampoQud  lever  Imlitncc, 

Fij^s*-   4  and   5  show  pn?scriptiou   and  oounter  box  scales  eon- 

&trnct4*tl  on   the  eorap<»uud  lever   principle.     Fig.  G  represents  a 

fvnvenieut  disjK^nBlntj:  balan<*c*  for  rough 
'  pn>?<'ription  ^vork,  and   is  intende<l    for 

i|inintitie;^  ranging  from   30  ^raing  to  2 

or  4  oumx'si ;  it    is  sensitive  tu  \  t>;niin, 

and   id  provided  with  a  Leani  gnidimte<l 

into  ajMJthtH'aries'  and  metrie  weig:hi  { I  la 

120  iTi-ainis  and  O.I  to  8.0  tim.)  and  dir- 

r>*ing  a  sJidin^^  jxiise. 

.S|K^-ial  lmliin<^'s  fiir  weijrhiDg  li<|uids, 

partienlarly  in  the  laboratory^  liave  lieen      Tiofmnw'j  dispcn<iiig  »c«to. 

fonnd  very  convenient  on  aceonnt  of  tht*ir 

jjcen liar  const rnetion.  Fij?,  7  repre'^nts  Troemner's  new  solution  l>al- 
.  anee,  capable  of  ^  j  from  10  gramme**  to  1^?  kiIograTnn^L^s  (1.14 

Ciins  to  jdxjot  U),     The  !«cale  i*^   pnividtnl  with   an  extra 

lancing  U^ini  l)v  vvhi<*h  an  empty  bottle  or  container  i*  nuiekly 
Imlaoci.'tl  by  simply  sliding  the  balance  weigin  along  until  a  cHUTect 
halaut*4.'  IS  flct^iiml.  A  new  system  of  adjusting  weights,  known  as 
tlie  \m\]  Hvsti-ni,  Is  nltaihfHl,  and  ii*a  great  improvement  over  the  old 
raethi.Ki  of  \mn'^  >rj*ar;Ue  weights;  small  weights  are  adjuHUHi  ou 
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till'  gmdimtLHl  Uuaui  ill  front,  wIm!**   tln^   Ijirg:er  wuigliti?  are  reiire- 
scaiknl  by  (UiTt'rt'iJt  |»).siti*>iif^  of  t!io  l>ull?*  oh  tUv  cciitral  plate. 

8ince  1882  j^re^t  iiupruvtniL'iUi^  liavr  Iweji  maJe  in  what  are 
known  as  torsion  halaue^^H,  The  ehief  dilllreiiee  Ijetween  torsion 
and  oiYHnarv  balanws  is  the  entire  aliBentX'  of  knife  edges  and  the 
location  of  tlie  <x»ntre  of  gravity  alx>ve  the   fuUrum   or  iMiint  of 

Fio.  7. 


nit^Htion.  The  knife  edges  have  Ix^en  ivj>laeed  by  thin  steel  8|iriQgs 
sttri^chiHl  tightly  between  l)eanug!^,  the  centre  of  tbe  brain  U^ing 
tikstene*!  to  the  centre  of  the  ^tniineil  ispring  and  at  ri^ht  angli^^  to 
it ;  under  thi,<  eondttion  the  hc^anij  by  the  elastieity  or  toi^siou  of  the 


¥m.  K 


TuralDQ  pf«acf1(>Uoii  tttlnucc. 


ryrp 


SMltoo  of  rider  bouo  for  vMoe. 

pring,  will  vibnite  prei'ijH^ly  a.s  theonlinary  iK'uin  balant*ed  on  knife 
Iges.  The  |>ans*  n*Ht  ii{>ou  flimilar  ton^inn  Hprings  at  the  ends  of 
the  l)€ani  in  th«*  sjiin«>  manner  an  the  eentml  fnlcrum  of  the  Ix'am. 
The  inherent  ♦or^iooal  iv^^i^ta net*  to  uHciUatlon,  due  to  the  tightly- 
stretehed  wire  Imnd?*,  i.^  ovt^itx>me  by  elevating  the  centre  of  gnivily 
alwve  the  fnlcnim,  l*y  mcnins  of  a  weight,  to  siueh  a  height  that  its 
tendeney  to  reach  itii  lowe**t  tK>siti*>n  (vertically  lx4ow  the  wiitre  of 
rotation)  almost  oeutiuli^^s  the  total  re^i(^tance«     If,  eon^H|tientlyi 
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the  tendojicv  of  the  high  centre  of  gravity  aud  tlie  resistance  of  the 
wire  hands  are  oppose<l  tr)  such  an  c*xtent  as  to  nearly  neutmlize 
eai'h  other,  the  sin.sitivenes8  of  tlie  halanc-^?  i^  estal^lished,  and  tlie 
gli^jhte^t  weight  plaei'd  on  the  pans  will  (*siuse  tlu-  beams  toostalhite; 
on  llie  other  hand,  the  iK'amswill  retnrn  to  their  horizontal  jiortition 
by  the  unneutralized  resistainie.  The  foregoing  nrineiple  ha.*  In^en 
applied  to  a  variety  i>f  lialanee^  adapted  tor  ordinary  erimnieixial 
weighing,  as  well  us  the  moi'e  delit^te  adjustment  of  fine  preserip- 
j  lion  work  and  efieniicral  analysis  ;  like  onlinarv  halanc^es  they  are 
pnjivideil  with  gradiiatixl  beams  and  piiik?  to  l>e  used  in  place  of 
weights.     Fig.  8  repnvsents  a  torsion  pm^ription  balance  of  fine 

FlO.  !>. 
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Section  of  triple  rider  bentu  for  saxoe. 

adjustment,  with  all  the  pa^t:^  enelosetl  in  a  gla^s  ca^  and  fully 
expo^Kl  to  view  j  it  h  r*ensitive  to  1  milHgnimme  or  ^  of  a  grain, 
and  up  to  500  niilligrammi^  or  8  grain>^  all  weight*5  can  \h*  ad- 
L  jnstetl  l>y  means  nf  a  rid«*r  on  tlie  graduatc^l  l>eani.  Fig.  9  repre- 
SkMits  a  tori!.inii  <Kmnter  l«ilan(^  s^i^nsitive  to  2  grains,  and  having  a 
ctifian'ty  of  20  pounds  ;  it  is  als<»  providetl  with  a  triple  graduated 
hmiiu  for  avi>in1u{>tiis,  troy,  and  m<*trie  weiglits. 

Every  pharniarist  w!h»  lays  claim  to  doing  even  a  m<xlerate  pre- 
firription  iJUhineSvs  should  have  in  his  possession  at  hast  two  hal- 
anet-s^,  one  of  which  may  \h*  u8*h1  for  weighing  quantities  ranging 
frrm)  30  gniins  l<*  2  *»r  l\  nunees,  and  sliould  h\*  si^nsitivc  to  at  U»a8t 
I  grain;  while  the  other  should  l»e  eonlined  to  qiiantitiefi  never 
Mer  than  2  gramDje*i  or  30  grains,  and  should  re^p*nd  rt^adily  to 
a  ehaoge  in  weight  amounting  to  2  or  3  milligrammes  or  ^  to  A- 
fmin  ;  l)e^ides  f best*  a  larger  balance  (usually  t^Tmerl  counter  soiles) 
ij^  nct^h/d  for  gencnd  trade  :  tliis  should  Ix'  of  such  adjustment  as  to 
alli>\^  ae«?urate  w«'ighing  thcinHm  «»f  rpiantities  ranging  from  J  ounee 
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to  5  or  10  |M>itmU,  and  sboulfl  be  sensitive  to  5  or  10  t^niuis,  with  a 
full  charge. 

WKiimi>i  are  picH?es  of  metal  dt\^ij^iitMl  to  weigh  ali(|Uot  parts  of 
tl*e  «\HtjiliHsht*d  unit*?  ;  hra.'^.s  <»r  iron  i^  UritHJ  inr  the  eiislomarv  I'Oiu- 
mennal  wei^hLn,  whih'  b^ts^  or  ahuuiiiuin  i<  t'hu?ioii  for  weights 
employtd  (iir  t]i8|K'U?sin^  jMir|Ju.^4'i4 ;  platinutu  isi  also  ott^asionuUv 
used  for  small  |>reH'n|ition  wri^hts*  on  aec-onut  of  its  extreme  hanl- 
iiees  and  re^intajiee  to  atmo.Hjilierie  iuHueutx*s.  Aeourate  weights 
are  as  essential  m  af<'unite  Imhuues,  for  one  h  rendered  unreliable 
with«>ut  the  otluT  The  unual  form  of  commercial  weight-*  at 
present  is  in  ^tB  knosvn  as  box  or  blo^-k  weights  and  ranging  from 
one  i|uart*a'  ounce   to  tive  poundsi  (Fig.  10).      Ti*oy  weights*  as  a 

mark  «»f  distinction  from  avoinUipois 

Fio.  10.  weights  ari^  usually  sold  in   nc.*^ts  of 

bniss  eujw*  (see   Fig.  11);  they    run 

from    f»ne-cighth    onn«j<'    to    eight    or 

sixte<,*n  ounces,  and  ff»r  u.se  in  dis|H-n:«^- 

ing  prc?^cripti<»ns   the  lower  dcuonn- 

uations,  from  |  grain  up  to  2  ounces, 

Block  weigbu.  jin,^   fre^iuently   put  up    in   boxc^   or 

blcK'ktsi   as  shown    in    Fig,    12.     The 

^Jtialler   dis])ensing    weiglitij  are  either    made  of  brass  or  niekel- 

liilver,  after  the  style  ahown  in  Fig.  13,  or  of  aluminum  if  below  tlie 

Fio.  a. 
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I»ni«i  or  fllv«r*iilQkeI  prm^iiptitui  weiicliu. 


denomination  of  ten  gmins  (see  Figs,  14  and  lo) ;  weights 
Ic9i8  than  one-fpiartcr  grain  are  i»(len  indicated  by  means  of  n 
sliding  poiK*  on  a  graduate*!  U^am.  The  relative  lightnetss  of 
iduminnni  atlajits  tliis  metal  admirably  for  use  in  weight^^  of  very 
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ainations,  as  i\wy  vnn  ho  made  of  lar^ir  hi/*/  ami  <  lui- 
RHlUf^fitly  Ix*  mort'  i*onveiiieutlv  liarHlltHJ  tlum  heavier  Imis?  weights. 
Metrie  weights  art'  mmh  of  Imn,  bni8H,  or  aluiiiiinirn,  in  thi-  siinie 
(ftrms  as  alreaily  descriU'd  tor  avoirtliiiMiij^  and  apotlifxtirieti'  wcigJit. 


Fio.  n. 


1  ir,,  \:\ 


IL^^ 


Alutoliiuin  wire  wvl^bu. 


AJuiDiaum  gnla  welghU. 


In  n)rm(H!ti<»n  witli  tJjc  operation  of  wei|rhiDg,  the  term  tare  iB 
fre<|m  iitly  ns«M.]  to  iridiaite  the  wtight  of  the  ernplv  vessel  (dish, 
Ik>x,  Ulttks  or  jar)»  iu  whieli  the  suhstanre  (liquid  or  dry)  is  to 
In*  weighinl ;  (fro8s  weight  is  the  eoruhiiii*d  weight  of  Uie  Huh^tauce 
and  the  coiitaiuer,  net  u^ipht  is  tlic>  weight  of  the  substance  nlone. 


Kio.  16, 


^^ 


btained  hy  snbtraeting,  from  the  rp'oas  weighty  the  tare  of  the  eon- 
'tier,  iDs^tead  of  finding  the  exaet  weight  of  the  container,  the 
latter  may  be  ^im|>ly  coimlerpoittfd  or  balaoeed  by  small  s^hot  or  dry 
tt^arse  Kind  eontjiinrHl  in  a  suitabk*  eup» 

Everyone  who  ha^  oocmsion  to  use  fine  balances   should  earlv 
atviiiitom  himwif  to  certain  hal>it«  of  t»arc  and  neatness,  \vhich  will 
materially  preserve  the  sensitivent^^  of  the  instninient.     The  fol- 
lowinjj  rules  an*  R'<'«jmiiicnded:  (Narr  ailow  thf  heam  to  omillate 
ithm  die  baiano«'  h  not  in   us^.     JramcdUifrhf  affrr  f he  operation  of -<, 
urufhing  it  rfynipttUd^  rrphtcf  iht  teeiffhU  in  thnr  proper  rrccpfach  and  yT' 
clean  thr  pmut  with  ti  Mnjl  tawvL     Srrrr  treigh  thUqutHcaU  mf(j^^  or  cf 
aciitf  chmiiv<ilM^  mifh  (t^  ifniint^  on  the  mfiat  jmiin^  but  aiirnt/«  on  gioM^    \ 
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or  ui  htriyi  trHHrh^  Afw&yn  wrtgH  poieat  or  pniaonous  drugn  on  jsfiff 
ff lazed  paper,  using  hro  piecea  of  erjuaf  size  (o  counterpoise  each  other, 
Nei^er  place  large  weighU  on  the  jxnw,  or  remove  ihem^  while  the  heam  in 
in  motion  ;  tkis  is  eaHlli/  nccompHnhed  hy  mranfi  of  levers  for  keeping  Ihe 
heam  and  puns  at  rest.  \ 

MKASL'Iil'Xarr  vtWis*  Ui*e«l  i(»r  d^^toniiiDintj:  the  volrunt*  of  ImjukIs, 
and  even  drv  piubstaows;  thv  latter  kintl  do  md  t'*iiK*erii  the  plmr- 

.HUicist,  who  is  ennipelled,  liowev^r,  tci  hiiv**  oil  hand  a  viiriety  of 
vessels  suitably  pmvitlcd  with  apjinqiriutt*  scaksuf  measureiiieiit  for 
liquids.  Sneh  vest^cU are  usually  mride  u("  m1ms.s  and  an'  known  simply 
as  graduates  ;  thev  ociHir  of  diiJtroiit  eajiaritifs  from  1  lX)0  eubie  eenti- 
meters  (1  liter)  Jown  to  5  ciibie  eentimeteni?,  and  from  64  fluid- 
oiHH'^'s  <lown  to  r>0  minims.  The  Phenix  and  Acme  Grn^nates^ 
manufactured  iu   thin  tHJuntry,  are  guarante<»d  to  be  aoeumte  jukI 

,  nmde  strictly  atx'ording  to  the  Au)crican  standard  of  a|»othccaricm- 
fluid  measuixs;  rtiure  Imperial  iijeaHurcdifffrs  materially  from  I/.  8. 
fluid  measure,  graduates  made  in  Kuglaiid  eannot  l»e  usc*d  in  this 
eountry,  uulests  they  have  bi^en  adjusted  aeeutHling  to  the  AuuTieati 
fitjiudard,  Very  aeeurate  metric  graduates  are  al^o  now  mafle  iu 
this  country, 

(imduatc^s    of    difterent   shajK'&   are    in    use,    c*)nical,    tumbler- 
»ha|>e,  and  cylindrical  (8e<_»  Figs  17, 18,  19),  the  last  named  of  which, 


Tin,  11. 
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Ttimbler^tiafio  gmduAUv 


f  yUuarl^i*!  ffrHatintr. 


ftlthouu^h  the  mosi^t  aeeamt«f,  are  but  rarely  seen  in  »tore^.     Cylindri- 

enl  1!     -  '  *  ^mall  diameti^r,  u Inch  is  uniform  thronirhout 

the  li  -I'l ;  heuix*  *  rn»rs  iu  measurement  due  tu  ctipil- 

lary  aft  met  ion  are  in  thetic  redut>etl  U*  a  minimum.     For  \  and  h  oz. 
^raduati^s  the  diameter  is  aliout   i   inch  ;    for  1  ami  2  oz,  i?i/e?  it 
bowld  not  exf*i*rd  }  inehe(»;  while  /Sir  the  4  o^j.^iue,  1^  inch  diameter 


naHTS  AND  MEASURES. 


will  ^^e  amjikv  For  meamirinjr  qiiautitie!*  less  than  two  fluidcuiuc^es 
the  conc-sluipal  jj:ra(l  nates  will  ho  it  mad  [ji*etV*mljle  tu  the  tumbler- 
sha))e,  but  ditfieulty  is  often  encouiitertHl  in  (^leaning  them  piviperly, 
partieularly  the  smaller  sizes*.  The  **  Aeme'*  ^^rad nates,  intmdnetHl 
a  few  years  ago,  poasess  the  advantajure  of  l>eing  made  flat  on  tlie 
bnttora,  withont  a  fiM>t,  and  liem*e  are  les.^  liahli-  to  be  uj>8et  or 
bri>ken  ;  thc^y  arr  admirably  adapted  for  labomtory  work»  are  eylin- 
drieal  in  form,  of  about  the  same  diameter  as  tunil>ler-shape  gradu- 
ates, and  iim  lje  ha<l  for  both  metric  and  apotheairies*  flnicf  measure. 
(See  Figs.  20  and  21.) 


Fia.  20, 


Fto.  2L 


Metric  ftiUd  meuure. 


Acme  gmdtuilea 


V,  S.  fluid  meuore. 


Duplex  graduates,  arranged  for  ajKjthec^es'  fluid  measure  on  one 
side  and  melrir  fluid  measure^  on  the  other,  are  not  to  l>e  rt*e<mi mended, 
on  atH'<»nnt  oi*  rfu'  danger  of  i.'ontudion  and  the  greater  dlflieulty  uf 
aifuniti*  mea^suremi'nt. 

Although  nunim  graduates  are  extensively  em[iloyixl  for  nu^asur- 
ing  vtdunns  of  \v^^  than  one-fourth  fluidounee,  it  will  be  found  more 
desiralde  to  use  minim  pijxHtes  (see  Fig,  22)  for  rpiantities  ninging 
from  o  to  \\{)  minims  ;  tliese  iuL-itruments,  first  suggested  liy  Dr.  E. 
R,  Sjuibli,  aru  v^ery  aceumtely  made  and  will  be  fVpund  extremely 
convenient.  For  measuring  small  metric  volumes  the  gmduated 
cubic  centimeter  pi|X'tteft  of  Dr.  Curtman  will  be  found  very 
eervieetdjle  (see  Fig.  2Ji) :  tliey  come  in  different  sizes — 5  and  10  and 
2o  Ce,  ea|iaeity — t»ach  cubic  centimeter  Ix'ing  di  videil  into  tenths,  and 
are  e^^leei ally  adapted  to  pharmacfjpcial  testing. 

As  to  the  pri>t>er  manner  of  hohling  a  graduate  while  measuring 
li<|Utck.  it  may  Ik*  s;iid  that  the  (irnK*st  h<dd  is  obtninii:!  by  grasping 
the  gniduate  with  the  letV  liand  in  such  a  manner  that  the  first  i>r 
index  finger  eneirelesi  the  lower  part  of  the  vess*:'!,  the  tinunb  nesting 
on  thf  ba>i.'  nn*l  the  •WH'ond  rin*;«T  forming  n  support  by  Iwing  phictKJ 
under  tin*  luise;  this  leavt^  the  thin!  and  fourtli  lingers  free  to  remove 
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ami  hold  the  stopper  of  a  l)ottlc  from  which  any  liquid  is  to  be  meas- 
iin-rl ;  the  mark  to  which  the  liquid  is  to  be  measurcd  should  be  ou  a 
level  with  the  ojKjrator's  eye  while  the  graduate  is  held  in  an  upright 
[losition.     Owing  to  capillary  attnurtion,  every  liquid  contained  in  a 
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jrradiiat*-  will  pnsmt  two  ron<*avi'  >iniint\s,  neither  of  which  can  l)e 
tak<n  a<  the  true  level  ;  hene**  a  e«nTe<*t  n^adiii^  of  the  gnidiiation 
<'an  only  Im-  hatl  by  fixin;;  tin-  <h*sin*<l  niarkinjr  <^f  the  scale  intcr- 
nu'<liat<'  lM'tW4'eii  the  iipjMT  ati<l  li»wer  e<l;:es  of  the  li(|ni<l. 

<iraduatcs  whieh   have  tli<*  same  n-jile  mark<'d  on  both  sides,  or 
whi<'h  an'  enein-h-^l  by  the   markiii^rs  of  the  scide,  admit  of  more 
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accurate  measurements  and  do  not  require  that  careful  attention  to 
levelling  the  graduate  necessary  with  the  plainer  varieties. 

Glass  graduates  are  best  cleaned  by  washing  with  a  mop,  using 
soap  and  water  if  necessary,  rinsing  with  clear  water  and  allowing 
the  graduate  to  drain,  either  on  a  perforated  tray  or  by  hanging  in 
a  rack,  but  never  sliould  a  towel  be  used  to  dry  the  graduate,  as  it  is 
apt  to  leave  lint  adhering  to  the  glass. 

Approximate  Measuremen  rs.  Owing  to  the  varied  density 
of  liquids,  the  number  of  drops  contained  in  a  («rtain  volume  must 
vary  greatlv  with  different  liquids  ;  moreover  the  size  of  a  drop  is 
influenced  by  the  size  and  shape  of  the  vessel  from  which  the  drop 
is  allowed  to  fall — so  that  a  drop  is  a  very  uncertain  quantity  in  the 
division  of  doses  of  medicines.  The  variability  of  adhesion  to 
glass  exhibited  by  different  liquids  as  well  as  the  rapidity  with 
which  liquids  are  allowed  to  flow  from  vessels,  are  other  factors 
which  determine  the  size  of  drops,  as  is  shown  in  the  case  of  chlo- 
roform. 

Instead  of  being  identical  with  the  minim,  drops  may  vary  from 
one-fifth  to  one  and  one-fourth  minim. 

For  the  purpose  of  better  illustration,  the  following  short  table  has 
been  inserted,  showing  the  great  variability  in  size  of  drops  of 
different  liquids : 

Table  Showing  the  Number  of  Drops  to  a  Flutdrachm. 


120  minims     1  flnidonnc«  !  W.  T.  A  Go's.   _,  ^      ..     _* 
Liquid.  Phenix  Phenix       '  exact  Medi-     5!°*i*LH". 

Orwiaate,         Graduate,      cine  Dropper.    Shelf  Bottle. 


DiBtiUed  Water  .... 

48 

46 

128 

Tincture  of  Aconite    . 

150 

150       ' 

190 

120 

"       J*    Belladonna 

144 

144 

174 

108 

"       ^'    Chloride  of  Iron      . 

150 

150 

190 

120 

"    Opium      . 

130 

130 

154 

"      Camphorated 

i:^» 

136 

170 

"        "    Deodorized  Opium  . 

90 

110 

124 

80 

Glycerin       ... 

9() 

76 

90 

Purified  Chloroform   . 

234 

240       i 

304 

160 

"               "           aecond  trial 

274 

279       ' 

360 

180 

Dil.  Hydrocyanic  Acid 

60 

80 

75 

60 

(5j  bottle) 

For  the  administration  of  mwlicinos  certain  familiar  domestic 
measures  are  employed,  which,  although  subjei't  to  considerable  vari- 
ations, are  usually  estimated  as  having  the  ifbllowing  capacity  : 

A  teaspoon ful,  eaual  to  one  fluidrachm  ; 

A  dessertspoimful,  erjual  to  two  fluidrachms ; 

A  tablespoon ful,  equal  to  one-half  fluidounc»e; 

A  wineglassful,  enual  to  two  fluidounces; 

A  teacupful,  wiuai  to  four  fluidounces ;  and 

A  tumblerful,  equal  to  eight  fluidounces. 
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Figs.  24,  25,  and  26  rt»present  convenient  medicine  glasses^  well 
adapted  for  family  use. 


Fig  24. 


Flu.  25. 


FiQ.  20. 


Graduated  medicine  glasses. 


These  vessels  are  now  obtainable,  accurately  graduated  and  made 
to  corn'SjMjnd  to  apothccaric^s'  fluid  measure — hence  they  are  prefer- 
able to  the  variable  tea-,  dessert-  and  tablespoons  generally  met 
with,  and  .should  l>e  employed  altogether  in  the  sick-room. 


CHAPTER    III 


SPECIFIC  GRAVITY. 
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A  KNOWLEDGE  of  the  subject  of  specific  gravity  is  of  importance 
to  the  pharmacist,  as  it  frecjuectly  enables  him  to  detect  impurities  or 
to  determine  the  identity  and  quality  of  the  drugs  he  handles.  Spe- 
cific gravity  means  relative  %veight»  or  tlie  relation  l>et\veen  the 
volume  and  weight  of  bodies  as  eoniparetl  with  a  standard — the 
standard  for  liquids  and  solids  being  distilled  water,  while  atm<»s- 
pheric  air  ur  hydrogen  is  use<l  for  gaH?<uis  lx)dies;  in  other  woitis, 
sj^fie  gravity  is  the  ratio  between  the  weight  of  any  gaseous,  liquid, 
or  solid  bi»dy  and  that  of  an  equal  volume  of  the  respettive  standard. 
^  The  principle  of  S[M'cifie  gravity  was  first  announced  by  Archi- 
medes, a  (ireek  philosopher,  who  lurmulated  the  law  that  all  Inidies 
immersed  in  a  liquid  are  buoye<l  up  with  a  force  equal  to  the  weight 
of  the  liquid  displaced  by  then  J ;  hence  a  piece  of  metal  of  the  size  of 
cme  cubic  inch^  when  immersed  ia  water»  will  exert  as  much  less 
pressure  on  the  bottom  of  the  container  as  will  ecpial  the  weight  of 
on©  cubic  inch  of  water — ^or  a  fraction  over  252  grains.  Fhiating 
bodies  always  displace  their  own  weight  of  water,  irrespective  of  their 
volume,  while  immersed  bodies  always  displace  their  own  volume  of 
water,  irresjiective  of  their  weight ;  hence  all  bodies  whose  volume 
weighs  U^s  than  an  equal  volume  of  water  are  sure  to  float,  only  so 
much  of  the  bo*ly  being  immersed  as  equals  a  like  weight  of  water, 
while  all  boilie.-^  whose  volume  weighs  more  than  an  equal  volume  ol 
water  must  sink  and  be  completely  immei^sedy  as  this  downward 
pn»ssure  of  the  Unly  exceeds  the  npward  pressure  or  buoyant  force 
of  an  equal  volume  of  water. 

As  the  volume  of  all  bodies  varies  with  temi>erature,  it  is  essential 
that  the  comparison  of  w*eights  lx»  made  at  some  fixed  temperature 
and  that  etjual  volumes  of  the  standard  and  body  e-xamimd  be 
weighed  at  the  «a//iir  temi>f^ratu re.  In  some  countries  the  tempera- 
tare  of  4*^  C.  (39.2^  F.|,  at  whifli  pure  water  assumes  its  gn*atcst 
density,  is  taken  for  the  i*om|xirison  of  weights,  while  in  tlie 
United  8tatt«  and  German  PliarmacojKeias,  15*^  v.  (•'jO®  F.)  has  l)een 
fixed,  with  very  few  exct^plions,  as  tite  normal  t4*m [>ei*atu re ;  the 
British  I'harmatMqMeia  hast  selected  15.6°  ('.  (60°  F.),  A-*  the  com- 
fiarison  oi'  wtiglit  of  njual  volumes  of  bodies  may  be  made  at  any 
terapcnitnrt-  tlc-niretl  or  convenient,  and  as  the  sjKx^ific  gravity  will 
vary  awortliugly,  it  is  nec^e^-ary  to  state  the  temperature  in  connec- 
ttoii  with  s]iecitle  gravity;  for  inatance^  to  say  that  a  liquid  has  the 
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specific  gravity  1.42,  would  not  indicate  at  what  temperature  the 
liquid  had  been  weighed,  nor  would  it  indicate  comparison  with 
water  at  the  same  temperature — hence  the  ratio  would  1^  an  un- 
certain expression;  to  say  that  a  liquid  has  the  specific  gravity  1.42 
at  15^  C,  would  still  leave  a  doubt  as  to  the  temperature  at  which 
an  ecjual  volume  of  pure  water  had  been  weighed  for  comparison,  for 
it  may  have  l)een  4°  C,  12°  C,  or  even  25°  C,  and,  in  either  case, 
the  specific  gravity  named  would  not  be  absolutely  correct;  to  say, 
however,  that  a  liquid  has  the  sj)ecific  gravity  1.42  at  15°  C  aa 
compared  with  water  at  the  same  temperature,  leaves  no  room  for 
doubt  as  to  the  true  ratio  existing  between  the  liquid  and  water — it 
therefore  expresses  the  true  specific  gravity.  The  United  States 
Pharmacopceia  (1890)  expressly  states  that  all  of  its  specific  gravities 
are  to  be  considere<l  as  taken  at  1 5°  C  and  compared  with  water  at  the 
same  teviperaturey  whenever  no  special  temperature  is  mentioned. 

As  it  is  freijuently  more  convenient  to  weigh  substances  at  a  tempera- 
ture above  15°  C.  than  to  cool  the  substance  down  and  keep  it  at 
that  |)oint,  the  averajre  room-temperature,  22°  C.  (71.6°  F.),  or  even 
25°  0.  (77°  F.),  has  been  suggested  by  some  authorities,  and  will 
often  iw  iound  |)referable. 

Barometric  pressure  is  not  without  effect  on  the  relation  between 
the  volume  and  weight  of  Ixxlies,  hence  absolute  specific  gravity,  like 
absolute  weight,  is  only  obtainable  in  vacuo  ;  for  pharmaceutical  pur- 
poses this  <lifference  is  always  ignored  and  the  barometric  pressure 
assumed  to  be  normal,  700  Mm.  or  30  inches. 

The  sj)ecific  gravity  of  a  solid  or  liquid  is  always  expressed  by  a 
numl)er  which  shows  how  often  the  weight  of  a  certain  volume  of 
water  is  contained  in  the  weight  of  the  same  volume  of  that  solid  or 
liquid  ;  and  the  sj)e(*ific  gravity  of  a  gaseous  body  is  expressed  by  a 
number  which  shows  how  often  the  weight  of  a  certain  volume  of 
atmospheric  air  (or  hydrogen)  is  containetl  in  the  weight  of  the  same 
volume  of  that  gaseous  IkkIv.  Tlie  specific  gravity  of  water  is 
then*fore  stateil  to  l)e  1,  and  the  specific  gravity  of  air  (or  hydrogen) 
is  likewise  statinl  to  Ix?  1.  The  ibllowing  simple  rule  may  l)e  given 
i'or  fin<ling  the  s|Hvific  gravity  of  any  liqniil  or  solid  substance  by 
(calculation  :  Divide*  the  weight  of  a  given  volume  of  any  liquid  or* 
solid  by  the  weight  of  an  equal  volume  of  distilled  water,  both 
\v<-ighings  liavin»r  Ikkju  made  at  the  same  temj)eniture.  The  quotient 
express(»s  the  s|)ecific  gravity. 

Specific  Gravity  of  Liquids. 

The  d<*termination  of  the  s|KVMfi<*  gravity  of  li(juids  is  far  more 
fre<jurntly  required  than  that  of  solids.  The  different  instruments 
employe<l  for  that  purpose*  are  s|H?ci fie  gravity  flasks  or  pycnometers, 
loadrd  glass  cylinders,  s|Mrifi(^  gnivity  bea<ls,  and  specific  gravity 
spindle*^  or  hydnnncters.  Any  small  flask,  of  25  or  50  CV.  capacity, 
with  a  long,  narrow  ne<k  and  made  of  thin  glass,  will  answer  as  a 
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specific  gravity  bottle.  Its  weight,  or  taro,  is  first  airefully  a^sccrtaiued 
afid  noted  ;  pure  water  is  then  punrefl  into  the  flask  until  it  reaches  a 
short  distance  np  into  tlie  nwk,  when  a  mark  should  l>e  made  with  a 
file  Ht  the  upper  and  lower  edge  of  the  meniscus  or  concave  surface ; 
having  noted  the  temjieratnre  of  the  water,  the  flask  and  contents 
are  weighed,  ant!  from  it  the  tare  of  the  &nsk  is  deducted,  the  re- 
mainder being  the  weight  of  that  particular  volume  of  pure  water  at 
the  given  temperature.  The  tare,  tempei-ature  and  weight  of  water, 
are  carefully  etched  on  the  side  of  the  flask,  which  is  now  ready  to 
be  used  for  taking  tlie  sjicciHc  gravity  of  any  liquid,  by  filling  it  to 
the  mark  in  the  ne<'k  with  the  liquid  to  be  tested,  then  weighing  and 
dividing  the  net  weight  of  the  liquid  by  the  weiglit  of  the  water, 
the  (juotient  lieing  the  specific  gravity  of  tlie  liquid.  Supi)08e  the 
flask  weighs  324  grains  and  holds,  up  to  the  mark,  647  grains  of 
water ;  filled  to  the  mark  with  sulphuric  acid,  it  weighs  1511»5  grains, 
whicli  leaves  1511,5  —  324^1187.5  grains  as  the  weight  of  the 
acid.  Now  applying  the  rule,  to  divide  the  weight  of  a  given 
volume  of  a  liquid  by  the  weight  of  the  same  volume  of  water,  the 
qjecific  gravity  is  found  to  be  1187.5  -i-  647  ^=  1.835 +. 

Fio.  27, 


niMB^U){f(jered  afjcdfle  cmvlty  battle  with  Un  csm  muI  oontiterpotM. 

Small  glass-stoppered  flasks,  graduated  to  hold  100,  250,  500,  or 
10<X>  gniins  of  distilletl  water  at  15.(i^  U.  (60°  F.),  are  a  mort^  con- 
vcnii*nt  form  of  pycnometer  ;  they  fome  packe*!  in  tin  cas^  and  are 
aniX»rnpini<HJ  by  a  metal  counterpoise  to  balance  the  empty  bottle 
{m^^  Fig,  27).  In  using  these  flai*ks  it  is  necessary  to  fill  tliera  with 
tlie  liquid  to  be  tested,  to  a  little  above  the  mark  in  the  nwk  to 
which  the  glairs  .^tiipjjcr  i^ithes  when  inscrte*!^  so  that  the  air  and 
stiiall  cvf^^*^  t»f  liquid  shrill  Ih*  ron*<Ml  out  through  the  capillarv  t^)^^- 
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drilled  through  the  stopper.  The  liquid  to  be  tested^  having  the 
same  temperature  as  that  at  which  the  flask  has  beeu  adjusted,  may 
be  weighed,  after  wiping  the  flask  dry,  when,  in  the  case  of  the  100 
or  1000-grain  bottle,  the  weight  at  once  expresses  the  specific  gravity, 
by  simply  placing  the  decimal  point  correctly,  without  furdier  cal- 
culation ;  for,  as  the  weight  of  water  ^100  or  1000  grains)  is  to  the 
weight  of  the  same  volume  of  any  liquid,  so  is  the  si)ecific  gravity  of 
water  (1.000)  to  the  specific  gravity  of  that  liquid.  Example :  If  the 
100-grain  bottle  be  found  to  hold  141.5  grains  of  a  certain  acid,  the 
specific  gravity  of  that  acid  will  be  1.415 ;  for  100  :  141.5  : :  1.000 : 
X.    x=  1.415. 

For  the  general  purposes  of  the  pharmacist,  the  above-described 
specific  gravity  bottles  give  results  suflSciently  accurate,  the  most 
annoying  practical  difiiculty  lying  in  the  proper  adjustment  of  the 
temperature.  At  certain  seasons  of  the  year  the  prescribed  tempera- 
ture of  15°  or  15.6°  C.  is  readily  attained ;  but  in  summer,  when  the 
temperature  of  the  atmosphere  frequently  reaches  32°  C.  (89.6°  F.J 
and  over,  the  dew-point  rises  above  15.6°  C.  and  moisture  is  deposited 
on  the  outside  of  the  cooler  bottle  while  weighing,  thus  sensibly  in- 
creasing its  weight.  The  following  table,  taken  from  Parrish's  Treatise 
on  PhaiiTUici/y  was  compiled  by  Dr.  W.  H.  Pile,  and  is  based  on  the 
corrections  made  for  contraction  and  expansion  of  the  1000-grain 
bottle  used,  as  well  as  the  water : 

Table  of  Api»arknt  and  True  Specific  Gravity  of  Water  as  Orserved 
IN  A  Glass  Bottle  at  Different  Temperatures. 


Temp. 

„  ,                8p.  Or.  in 

True  Sp.  Or. 

Teiup.  Fahr. 
72°        . 

1 

8p.  Tir.  in 
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TrueSp  Gr. 

:»<)° 

1000.54 
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ol 
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73 
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.")2 
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74 

998.72     ' 

998  53 

53      ■ 

1000.41 
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75 

998.(>(J 

998.40 

54 
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1000.44 

VI 

998.48 

998.27 

55 

iooo.:v() 

10(.M).:i7 

77 
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998.13 

5ti    . 

1000.25 

lOOil'M) 

78 

998.22 

997.99 

57 

1(KX).20 

1(XH).28 

7\) 

998.08 

997.84 

5S 

1000.14 

l(HX).l«i 

80 

997.94 

997.68 

5«» 

1000  07 

l(MM).as 

81 

997.79 

997.52 

('H» 
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82 

997.04 

997.;^ 

(11 

lKM.#.<»-2 

iM.H*.91 

83 

997.49 

997.20 

t'rl 

*.nn».s4 

9*.K#.S2 

84 

997.35 

997.04 

(>:{ 

\m.i2 

inw.72 

85 

997.20 

91K5.87 

t;4 

i»yy.r»s 

i»i»y.<;3 

86         . 

99(>.94 

99<).60 

»»5 

\mu\i) 

1>V)'*.58 

87 

996.78 

996.43 

tw; 
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yi»y  43 

88 

99«;.62 

996.26 

♦J7 
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8U 
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♦;s 
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•.♦in».23 

90 
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995.90 

»n» 
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lU 
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70 

i»W.14 
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i»2 

995.'.H> 

995.54 

71 

'.t'.»y.o4 

yiw.yo 

93 

995.79 

995.:I6 
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With  a  view  of  overc-oming  the  diffieuUies  nsimlly  cuoounttTefl  and 
of  insuring  nion?  accurate  results,  Dr.  E.  R*  Scjuibb  has  had  con- 
structed a  set  of  specific  gravity  bottles  which  are  a]ually  well  adapted 
to  all  standards  of  temperature  from  4^  a  to  25^  C5.  (39.2*^  F,  to 
77^  F,)  (Sec  Fi^,  28.)  By  means  of  the  long  narrow  tiil>e  stopper, 
gmdnated  into  half-milUmeters,  the  volume  of  liquid  in  the  bottle  is 
aijHilde  of  very  accurate  adjustment.  Wlien  first  adjusted,  the  xero 
mark  od  the  scale  indicates  the  point  to  which  the  volume  of  the 

FlO.  28. 
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standard  weight  of  recently  boiltil  distilled  water  reaches  at  4**  C, 
while  the  upper  limit  of  the  scale  indicates  the  volume  at  25°  C. 
Since  glaas  bottles  e<»ntna('t  apj>re<^ial»Iy  for  two  yeafi*  or  more  after 
they  have  l»een  made,  the  grmluati<>UH  should  be  verified  everv*  six 
mouths  or  more  until  coutraetiou  has  ceased,  a  memorandum  of 
the  changes  U'ing  kept  for  referc^nce  when  the  bottle  is  to  be 
uaed ;  tliixH  the  jwiut  ibr  thie  volume  at  4*^  C.  may  have  advanced 
from  0  to  2  or  3  divisions  of  the  scale,  and  similarly  for  any  tempera- 
ture volume.    The  Inittles  are  always  usi»tl  in  a  bath  of  either  warmed 
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Fio.  29. 


or  cooled  water,  and  when  the  volume  does  not  change  for  five 
minutes,  as  indicated  by  the  graduated  scale,  the  contents  of  the 
bottle  may  be  known  to  have  assumed  the  temperature  of  the  bath 
as  ascertained  by  means  of  a  delicate  thermometer.  A  leaden  col- 
lar is  used  to  keep  the  bottles  steady  in  the  bath,  and  the  adjust- 
ment of  volume  is  made  by  means  of  a  fine  pipette  and  blotting 
paper. 

Besides  taking  the  specific  gravity  of  liquids  by  means  of  a 
pycnometer,  accurate  results  may  be  obtained  with  the  so-called  loaded 
cylinder ;  its  use  is  far  less  troublesome,  and  as  it  can  be 
employed  at  any  temj)ei*ature  between  4°  and  40°  C.  (39.2° 
and  104°  F.)  it  requires  less  careful  attention  to  the  ad- 
justment of  the  latter.  The  loaded  cylinder,  as  shown  in 
Fig.  29,  consists  of  a  glass  tube  partly  filled  with  mercury 
and  sealed  at  the  top,  to  which  is  aflSxed  a  hook  for  con- 
venient suspension  to  a  scale  beam.  Having 
weighed  the  cylinder  in  air  and  then  in  pure  fio.  ao. 
water,  at  any  given  temperature,  the  weight  of 
an  equal  volume  of  water  is  ascertained  by 
subtracting  the  weight  in  water  from  the 
weight  in  air ;  the  cylinder  is  then  weighed 
in  any  desired  liquid  at  the  same  temperature 
as  the  water,  and  the  loss  in  weight  again 
noted,  which  is  the  weight  of  an  ecjual  volume 
of  that  liquid.  The  volume  of  the  liquid 
to  be  tested,  being  etiual  to  the  volume  of  the 
cylinder,  must  be  e(|ual  to  the  volume  of  water 
also,  for  things  that  are  equal  to  the  same 
thing  are  equal  to  each  tJthcr  ;  by  dividing  the  ^jia«,  or  metal 
weight  of  the  given  volume  of  the  liquid  by  plummet. 
the  weight  of  the  same  volume  of  wat<'r,  the 
specrific  gravity  of  the  liquid  is  obtaine<l.  Example:  A  loaded 
cylinder  weighs  in  air  150  grains,  and  in  water  120  grains,  loss  of 
weight  in  water  30  grains;  weiglic<l  in  sulphuric  acid  it  weighs 
96  gniins,  showing  a  loss  of  54  grains ;  ecjual  volumes  of  the  acid 
and  water  weighing  54  and  30  grains  rcsjK^ctivelv,  the  si^ecific  gravitv 
of  the  acid  must  Ik*  1.800,  for  54  -v-  80  =  l.H. 

When  only  a  small  quantity  of  li(juid  is  available  for  taking  the 
specific  gravity  the  loadnl  cylinder  may  be  replaccnl  by  a  small  glass 
or  platinum  weight  of  the  shajw  shown  in  Fig.  30;  or  (Jraner's 
method  may  Ix?  followeil.  This  consists  in  using  a  small  pipette 
having  a  fine  orifice  at  one  end,  and  at  the  upiH*r  end  a  short  pi(H*e 
of  rublxjr  tubing  close<l  by  a  |)inchc<K»k  ;  a  mark  is  made  on  the 
glass  stem,  showing  the  height  to  which  a  <'<)nvcnient  quantity  of 
water  rises  (say  1.0  (im.  or  1.0  Cc.),  and  enough  of  the  liquid  to  l)e 
tested  is  drawn  un  thmugh  tlio  tul>e  to  the  mark  previously  made, 
the  tube  is  close<l,  and  the  whole  then  weiglic<l ;  the  weight  of  the 
liquid  in  grammes  expressi's  the  s|>ecific  gravity  with  sufficient  accu- 
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lucv  for  all  praetiml  purposes,  as  water  iocrcasea  ite  volume  from  4° 
to  iW°  C  only  to  the  extent  of  0JH2,  or  about  -^. 

The  principle  of  the  loade<l  cylinder  has  been  utilized  in  the  con- 
struction of  the  Mohr  specific  gravity  balance,  of  which  the  West- 
phal  modification  is  a  most  desirable  improvement  (y*ee  Fig.  31). 
The  sj»ecific  gravity  of  a  liquid  can  be  quickly  taken  at  any  temper- 
aiure  between  7*^  aud  S0°  C,  sine*?  the  loaded  cylinder  has  been 
replaced  by  a  short  glass  thermometer,  which  is  suspended  from  the 

Fig    8L 
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end  of  the  beam  by  a  thin  platinum  v%ire;  the  adjustment  having 
lieeii  made  at  15  C,  a  slight  variation  will  lie  observwl  for  any 
higher  or  lower  temf)erature.  The  small  thermometer  has  a  range 
of  twenty- three  degrees  on  the  C-entigrade  sc*ale,  and,  when  suspendcn! 
in  air  from  the  longer  arm  of  the  Ijeam,  establislies  j^erfect  e<iuilib- 
rium ;  when  completely  immer'St^l  in  distilled  water  at  lo*^  C.  it 
displaces  it-^  own  volume  of  the  water  and  is  buoyed  up  by  a  fcirce 
equal  to  the  weight  of  the  water  displacetl — equilibrium  of  the  beam 
being  re-established  by  attaching  the  neceswiry  counterpoise,  which 
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is  called  1.000:  at  7.5°  C.  the  necessary  weight  was  found  to 
be  1.001,  while  at  27°  C.  it  was  0.998.  As  seen  in  the  illustration, 
the  longer  arm  of  the  beam  is  accurately  divided  into  ten  even  spaces, 
and  the  weights,  or  riders,  used  to  counterbalance  the  thermometer 
when  immersed  in  any  liquid,  are  made  of  brass  and  aluminum ; 
they  are  so  constructed  that  each  smaller  rider  is  of  exactly  ^  the 
value  of  the  next  larger,  the  largest  rider  and  the  counterpoise 
used  to  balance  the  thermometer  in  water,  however,  being  of  the 
same  weight  or  value.  Without  the  necessity  for  calculation,  if 
the  temperature  of  the  liquid  be  at  15°  C,  the  specific  gravity  of  the 
liquid  can  be  at  once  read  off,  after  the  equilibrium  of  the  beam  has 
been  established  ;  for  instance,  in  testing  alcohol  at  15°  C,  the 
counter|)oise  necessary  to  balance  the  beam  in  water  will  be  found 
too  heavy  if  attached  at  the  same  point  in  alcohol,  hence  it  is 
removed,  and  the  largest  rider  is  placed  in  the  first,  or,  if  necessar}', 
in  the  second  notch  on  the  beam,  where  it  may  appear  a  little  too 
light,  and  then  the  smaller  riders  ai'e  added  as  may  be  necessary 
to  balance  the  beam  |)erfectly.  The  value  of  each  of  the  two  larger 
riders,  when  suspended  from  the  end  of  the  beam,  is  considered  as 
1.000,  while  the  three  smaller  riders  are  valued  at  0.100,  0.010,  and 
0.001  respectively  ;  when  removed  to  the  top  of  the  beam  the  value 
of  each  rider  is  reduced  by  A^  for  every  notch.  If  one  of  the  large 
riders  be  placed  at  the  uotcli  marked  8,  a  second  rider  at  2,  and  a 
smaller  rider  at  1,  the  specific  gravity  of  the  alwhol  must  be  read 
as  0.821.  In  the  case  of  chloroform  and  all  other  liquids  specifically 
heavier  than  water  the  large  counterpoise  is  suspended  from  the  end 
of  the  l)eam,  and  the  other  riders  are  |>lac*cd  in  the  notches  as  may 
be  necessary;  thus  chloroform  may  require  all  four  riders  on  the 
beam,  the  largest  at  4,  the  se<'ond  at  8,  and  the  smaller  two  at  9, 
which  would  be  read  as  1.489  s|)e('ific  gravity.  Whenever  two 
riders  of  different  weight  are  required  in  the  same  notch  on  the 
Ixiim,  the  lighter  of  the  two  is  suspended  from  the  hook  of  the 
heavier,  as  sliowu  in  Fig.  82;  thus  the  specific  gravity  of  liquids 
can  be  read  with  accuracy  to  four  decimal  plates.  The  Mohr  or 
W(»stphal  l)alance  cannot  Ik?  used,  however,  if  only  very  small 
quantities  of  liquid  are  available,  as  sufficient  liquid  is  required  to 
immerse  the  glass  thermometer  completely. 

SiMt'ific  gravity  IhwIs,  also  known  as  Ix)vi*s  l)eads,  are  small, 
scalctl,  j)carsha|K'd  glass  bnllis  of  various  s|KKific  weights,  which 
have  U'en  carei'nlly  as<'ertaincd  and  are  marked  on  them ;  these 
beads  will  float  indifferently  in  any  licjuid  having  the  siune  s|x»cific 
gravity,  and  may  he  usimI  in  rtnlucing  licpiids  to  a  fixed  sjHH'ific 
gravity   by  dilution   or  evajMjration.      If  a   Ix^ad   marked  0  93  l)e 

|>la(*«'<l  in  ajar  of  alcohol  it  will  sink — unless  the  li<juid  happens  to 
H»  of!i<iaI  (lilut^Kl  alcohol — l»nt  will  slowly  rise  uj>on  tin*  addition 
of  wat<T.  until  a  suflicient  <|nantity  has  Inrn  added  to  increase 
the  s|HMifi<*  gravity  nf  the  mixture  to  that  iinlicated  on  the  l)ead, 
when  it  will  float  about  midway  in  the  liquid.      Results  obtained 
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with  specific  gravity  beads  are  never  so  accurate  as  with   other 
methods. 

Hydrometers,  or  areometers,  are  instruments  intended  to  indicate 
either  the  density  or  specific  gravity  of  liquids,  and  in  some  cases 
also  the  percentage  byvohime  or  weight  of  certain  liquids.     They 


Fig.  32. 
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Showing  the  manner  of  reading  the  specific  gravities. 


consist  of  a  glass  tube  having  a  bulb  blown  at  one  end,  a  little 
above  which  the  tube  is  usually  expanded  cylindrically  for  a  short 
distance,  and  then  terminates  in  a  long  stem  in  which  is  securely  fast- 
ened a  graduated  paper  scale  (see  Fig.  33).  The  bulb  is  filleil  with 
mercury  or  small  shot,  so  as  to  enable  the  instrument  to  assume  a 
vertical  position  when  floated  in  any  liquid.  Hydrometers,  like  all 
floating  bodies,  di.splace  their  own  weight  of  a  liouid  and  sink  in  it 
to  a  depth  proportional  to  the  volume  of  liquid  displaced,  which 
volume  is  equal  in  weight  to  the  weight  of  the  instrument ;  thus,  by 
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ef»mj)arisoii  of  vol iinn^  displaced,  the  densitfes  aud  specific  gravities 

of  vanoM'i  liquids  mn  be  a?5i'ertaiuetL     While  the  great  majority  of 

hydrotaettrs  are  so  coustrueted  that  with  coustaut  weight 

Flo  ss.        they  will  sink  to  varying  depths  in  diflereDt  liquids,  some 

Bare  made  to  sink  to  a  uniform  depth  in  all  liquids  by 
tlie  addition  or  subtrnetiou  i\i  weights,  and  the  density, 
or  sped  He  gravity,  is  calculated  from  such  ehange  of  weight ; 
this  latter  class  can  also  1>g  cxjnveniently  used  for  taking 
the  specific  gravity  of  solids. 

Specific  gravity  hydrometers  are  matle  with  the  unit 
mark  1.000  at  a  point  to  which  the  instrument  sinks  in 
distil ictl  water  at  normal  (emperalare  (usually  15.6^  C  or 
GO*^  F.),  and  then  have  the  scale  r-arried  above  and  l>elow 
this  pointj  each  mark  on  the  scale  indicating  either  O.OMl, 
or  0.005,  or  0.010,  according  to  the  intended  delicacy  of 
tin*  instrument.  As  spwific  gravities  of  liquids  range 
troui  0,700  to  alx)ve  2,00,  the  tube  of  a  hydrometer  lurry- 
ing such  a  scale  would  have  to  be  innjuveniently  long  to 
pc^rmit  of  a  fair  reading  of  it ;  hence  .spt»cific  gravity 
hydrometei^  usually  come  in  sets  of  four,  ranging  from 
0^600  to  LOOO,  from  1,000  to  1.400,  from  1AM  to 
L800,  and  from  1  800  to  2,200  When  intended  for  test- 
ing the  specific  gmvity  of  sp^xial  liquids  the  scale  is  usually 
much  shorter,  aud  thus  permits  of  more  accurate  gradu- 
ation. 

By  far  the  larger  number  of  hydrometers  are  intende*! 
for  determining  the  density  of  liquids  irrespective  of  sjx*- 
cific  gravity  ;  tliey  are  extensively  employed  for  technical 
purpfKses  and  are  based  on  arbitrary  scales,  no  two  of 
whi4'h  «grtH%  but  whi(*h  can  lie  converted  into  sj>ecifie 
gravity  by  ciTtain  rules.  To  this  <»lass  Wong  Baum^'s, 
TwaddelTs,  Carticr^s,  Zanetti^s,  Sikes*,  Bet-kV,  Jones' 
and  other  hydrometers.  Since  JJaum^^'s  hydrometers  are 
largely  used  by  manufacturing  ehemista  in  this  country, 
and  the  degrees  JlaumS  are  often  stated  on  labels,  tne 
instrument  is  of  sjx'cial  interest  to  pharmacists. 

Ban  UK*  liad  two  hydrometers,  one  for  liquids  heavier 
than  water  and  the  other  for  liquids  lighter  than  water; 
the  former  w*as  calle<l  Ptm-Acidcy  or  Pb^t-Hlrop,  and  the 
IiittiT  Phe-P^prit.  For  lifpiids  heavier  than  \i'ater  the 
jEcro  wa«i  plaivn]  at  the  |M>int  to  which  the  instrument 
tank  in  dimilje^l  water  at  15,6^  C,  and  the  point  to  whi(»h  it 
8ank  in  a  tfitluti^n  of  \h  ]mrts  (tf  dry  tabl<*  salt  ntnl  8*')  parts  of 
|di>((ilhHl  watir,  ftW>  at  15.6°  <\,  was  markiil  15;  the  dintamH' 
b«'tw<H*n  thejM^  twi^  points  wa^  then  divided  into  15  etjual  ixirtH, 
mllfd  dff/rent^  anti  the  sc!ah*  ext<nid«l  as  far  as  the  lejigtli  of  the  tube 
V     ^  '  t.     The  ^-ro  for  UquicU  likrhter  dmn  water  was  found 

■.J.  the  inMrumeui  to  a  s*iluiion  of  10  parts  of  tlry  table 
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Kilt  and  ninety  J*art3  of  distilled  water  at  IhM^  C.  in  such  a  way 
that  tlie  long  stem  vvDuld  bt*  almost  entirely  out  of  the  liquid;  the 
point  to  which  tlie  iustrumeut  sank  in  distilled  water,  also  at  15.6** 
C,  was  marked  at  10,  the  sjiat'e  between  the  two  points  being  divided 
into  10  equal  parts  and  the  scale  extendinl  as  in  the  other  case.  The 
slightest  error  iu  obtaining  the  first  interval  is  increascxl  upon  ex- 
tension of  the  scale;  hence  it  is  almost  imp<»*5ible  to  find  two  instru* 
meuts  adjust«.Hl  by  the  old  method  to  correspond  exactly*  A  more 
accurate  and  ccpially  practicable  method  is  to  obtain  the  exatft 
specific  gravity  of  two  liciuids  comjmred  with  distilled  water  at  a 
fixed  teni[ieralurc,  place  these  at  the  extremes  of  tlie  scale^  and  then 
divide  the  intervening  s\vact*  into  the  i^ecpiisife  nnml^er  of  degi*ees. 
The  liquids  chosen  in  this  country,  for  liquids  heavier  than  water, 
are  concentrated  sulpliuric  acid  having  the  specific  gravity  1*8354 
at  15,6^  C,  and  distilled  water;  and  for  liquids  lighter  than  water, 
highly  n^ified  ether  having  the  specific  gravity  0.725  at  15. G^  C,  ana 
distilled  water;  the  space  between  the 
points  to  which  the  hydrometer  sinks 
in  the  water  and  the  acid  is  divided  into 
6t»  parts,  or  degrees,  and  the  space  Ix?- 
twwn  tlie  points  to  which  it  sinks  in 
the  ether  and  the  water  into  5H  parts, 
For  all  liquids  lu^avicr  than  water  the 
scale  is  read  from  above  downward, 
while  for  liquid.s  lighter  than  water 
it  is  read  fnjm  below  upward.  (See 
Figs.  *ii  and  35,) 

As  it  is  frequently  desirable  to  know 
the  8i>ecific  gravity  for  any  given  de- 
gree on  the  Ban  me  <<^!ak\  and  vice  vtyna^ 
the  following  rule^j  have  tjct»n  formu- 
lated. 

For  liouida  heavier  than  water: 
Subtract  tlie  degree  Baum<^^  from  145 
and  divide  the  remainder  into  145  to 
find  the  sjiecific  gravity. 

Divide  lio  by  tlie  specific  gravity 
and  subtract  the  quotient  from  145  to 
find  the  de^nx*  Baura{\ 

For  liquids  lighter  than  water:  Add 
tlie  degn-^j  Bauni/^^  to  130  and  divide 
the  sum  into  140  to  find  the  specific 
gravity. 

Divide  140  by  the  sp<*cific  gravity 
and  from  the  quotient  subtract  130  to 
find  the  degree  liaum^. 

The  moduli  or  conntanti*  v<     '        '  \  "        rules  ev 
portion  wliich  the  weiglit  ol  .  .y  the  h\  * 
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floating  in  water  bears  to  the  weight  of  water  equal  in  bulk  to  one 
degree.  Thus,  if  a  Baume  hydrometer  be  floated  in  water  at  0  on 
the  hydrometer  for  heavier  liquids,  or  at  10  on  the  hydrometer  for 
lighter  liquids,  it  will  require  the  addition  of  -^\^  of  the  weight  of 
the  hydrometer  to  sink  it  one  degree  in  the  first  case,  or  the  with- 
drawal of  yJ^  of  its  weight  to  allow  it  to  rise  one  degree  in  the 
second  case.  The  fact  that  the  water-line  is  marked  at  10  instead 
of  0,  on  Baum6  hydrometers  for  liquids  lighter  than  water,  necessi- 
tates the  use  of  130  instead  of  140  in  the  foregoing  rule. 

In  order  to  avoid  the  use  of  rules  and  tables  in  connection  with 
arbitrary  scales,  hydrometers  have  been  in  use  for  some  years  bear- 
ing  a   double   scale,  for  Baum6  degrees  and  the 
corresponding  specific  gravity,  as  shown  in  Fie.  36 : 
B  they  come  in  sets,  usually  five,  two  of  which  are 

M  intended  for  liquids  lighter  than  water,  and  three 

|H  for  liquids   heavier   than  water,  the  shorter  size 

permitting  claser  reading  within  smaller  limits. 

Tlie  Twaddell  hydrometer  is  only  for  liquids 
heavier  than  water,  each  degree  on  the  scale  being 
equal  to  0.005  si)ecific  gravity  ;  hence  the  requisite 
numl)er  of  degrees  multiplied  by  0.005  and  added 
to  1.000  expresses  the  specific  gravity  of  any 
liquid  ;  thus,  if  a  sample  of  glycerin  stands  at  60° 
Twaddell,  its  specific  gravity  will  be  1.250,  for 
50X0.005  =  0.25  and  1.0  +  0.25  =  1.25. 

Nicholson's  and  Fahrenheit's  hydrometers  are 
of  the  kind  intended  to  sink  to  a  uniform  depth 
(indicated  by  a  mark  on  the  stem)  in  all  liquids,  by 


Fio.  37. 


Ikiulile  tiydrDineter  for 
deiiiiity  and  •inritlc  grav- 
ity ilvttTi]ilnHt{iin.M. 


Nioholwm'h  hylromcter. 


i\\r  use  of  weights.  Fig.  :57  represents  a  Nicholson  hydrometer 
fl<iiiting  in  a  liquid.  The  eoiistnirtion  is  readily  explained:  A  is  an 
elon^iat^wl  glass  nr  metal  bulb,  terminating  in  a  stem  surmounted  by 
a  metallic  disk,  H  ;  on  the  stem  is  a  mark  at  i>,  indieating  the  point 
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Fm.  38. 


10  wliich  the  iDStrurneDt  tiiust  he  made  to  sink,  and  attached  to  the 
bottom  of  the  bulb  by  mea»d  of  a  sraall  h(M)k  is  a  kmdetl  cup,  *  .  f<'r 
carrying  solids  if  so  desired.  When  the  hydro- 
meter is  immersed  in  water,  sufficient  vveitijhts  nre 
phieed  on  the  disk,  B,  to  cause  the  instrument  to 
sink  to  tiie  point  D ;  it  is  then  transferr**d  to  the 
lifjniil  to  be  teste*!,  and  the  weights  adjusted  a« 
before ;  the  weight  neees^^ry  to  sink  the  hydro- 
meter to  the  profier  point  represents  the  weight  of 
the  volume  of  liquid  dii^plaei^l  by  it ;  hence  the 
weight  ne<*e*i8ary  in  the  case  of  any  liquid,  divide<l 
by  the  weight  recjuired  iu  tlie  case  of  water,  gives 
the  specific  gravity  of  that  linn  id. 

Spirit  hydrometers,  usually  called  alcoholom- 
eters, are  used  to  ascertain  the  percentage  <»f 
absolute  alcohol  in  the  eommercia!  article  ;  since 
the  value  of  alcohol  dejw'nds  entirely  upon  the 
amount  of  al>5Milute  alcohol  prt*sent,  this  instru- 
uieut  is  a   most  desirable   pit*ee  of  apparatus  for 

|>harmaetsts.  Alcoholometers  are  niaae  of  glass, 
ike  ordinary  hydrometers,  but  of  much  longer 
8hai)e,  and  are  usually  providctl  with  two  sepamte 
scales — Riehter^s  9<:^ile,  iudieating  the  {lereentage  of 
alcohol  by  weight,  and  Tralle?'  scale,  showing  the 
percentage  by  volume;  since  the  instrument  is  ad- 
justed at  15.6*^  C.  (60^  F.)  it  becomes  neeei?sary  to 
make  proper  corrections  for  any  variations  in  tem|>er- 
ature.  When  imraei'scxl  in  alcohol  at  normal  tem- 
perature the  figureis  on  the  respei^tive  scales  to  which 
the  instrument  sinks  indicate  the  numljer  of  parts 
of  absolute  alcohol  contained  in  1«D0  parts  of  the 
8{ic<nmea,  the  lowest  mark  on  the  scale  being  0,  to 
whieli  the  hydrometer  will  sink  in  pure  water. 
Since  a  cold  temjM'rature,  by  contraction,  increases 
the  density  of  alci>hol  the  instrument  cannot  siink 
so  low^  in  tlie  liquiii  if  the  temperature  lie  l»elow 
15.6**  C*  as  when  normal  ;  an  additive  correction 
\n  the  reading  of  the  sc-ale  nmst  tlierefore  be  made* 
Od  the  otiier  hand,  if  the  temj>€Tature  rise  above 
15,6*^  C  the  density  of  the  alwhol  will  dei'rease  and 
the  hydrometer  will  sink  lower,  hence  a  subtraetive 
i-^>rrention  raunt  be  made  for  temperature.  The 
necessary  correction  has  been  ascertained  to  amount 
to  0.27  of  1  per  cent,  for  every  degree  on  the  Centi- 
grade scale,  or  0.15  of  1  per  ceiit,  for  every  degri^e 
on  the  Fahrenheit  scale.  For  example,  if  an 
all-'  Nf^inks  in  alct)holto  M^untheTralles'   Ai<.c»boifiinuirr  with 

•CMi  F.  (10°  C),  the  lit^uid  contains  really  thermooirtcr  cncioKd. 
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!»4.'>  |HT  '-^'nt.  ..r*  :ii)H>liin'  uIihjIioI  by  volume,  insoni  of  93  as  indi- 
.'iuhI  on  tin*  '¥'iiU\  il>r  nut  tempenitupe  is  hy  F:ihreaheit  below  the 
iionnal,  hviwi-  I  o  O.I.),  or  l.o,  must  Iw  adtiud  :  bat  if  the  tempera- 
run'  lia<i  'h^mi  7'.''  F.  '*JL.II  -  <!'.'  rlie  True  pertvacige  of  alcohol  bv 
vi)lunii»  wmiiil  iiiiv"  in^n  ')uly  Dl.'),  tor,  the  tenipentare  being  10*° 
;ibov«»  unrin:il.  ;i  -iuljTnctioii  '>r'  l.o  h-r)ui  the  midiug  93  is  necessanr. 
FiiT-  •>''^  r"|>iv,-*Mir.'  :i  '-nnipM^p'  ali'obolnmeter  oarrving  a  thenno- 
nieDT  wirliiu  rju'  nihfr  'I-r  ■onvifiiuMn'e  in  takiuy:  the  temperature  of 
rhe  liquiW.  F-m*  r.-^rinir  'ii'^  -|>i'«.'inr  ijcrjvity  of  urtae  a  siuall  hydro- 
meter the  rruiiiv  .,r* 'vhirli  •^K:•'Inls  rp>ni  lA)\M)  o*  1.060  is  employed 
(■see  Fiir.  -V.)  :  Mii^  niir!-"\v  -■ylinihr  in  whieh  to  doat  the  urinometer 
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fli>fiiiiif^  the^o  histruinent-5  in  the  \u\n\d  to  l>e  tested,  the  latter  is  earrieil 
ill  I  he  hydrometer^  which  is  tlieu  tloatiitl  in  water.  The  illu^tratiou 
of  the  areo  uycnometer  shows  timt  it  differs  in  construction  from  the 
ortlinary  hy«ironieterohi«'fly  in  huvin»r  a  j^lans  bulb,  c,  placed  l)etwecn 
the  loadt<l  hnlb,  f,  and  theexjmndtHl  portion,  B,  of  the  stem;  the  bulb 
C  is  providwi  with  a  sto[K!<»ck,  l>,  anil  into  it  is  pmirt'd  the  flnid  to  Ik* 
tested  ;  the  small  glass  knob,  e,  serves  to  balam-e  the  instrument  when 
immersed  in  water,  which  should  lje  at  17.5^  C.  (63,5^  F.);  the 
fipecific  gravity  is  shown  on  the  divided  scale  in  the  tube,  A,  The 
fcnsimeter  is  chiefly  intended  to  be  U8*^d  for  oils  and  similar  liquids 
liter  than  water.  The  upper  part  of  the  tube,  A  to  B,  consists  of  a 
"  cup  of  1  Ce.  ttipacity  ;  wht^n  Hoated  in  water  the  instrument 
links  to  the  point  c,  and  when  carrying  1  Ce.  of  water  in  the  cup  it 
■sinks  to  B.  The  space  on  the  stem  l»etween  n  and  c  is  divided  intt> 
20  equal  parts,  eacli  division  corresponding  to  -^  Gra.  or  0*050  Gm.; 
now,  if  1  Cc»  of  oil  of  peppermint  \w  jxiure*!  into  the  cup  and  the 
instrument  floated  in  water  it  will  prolmbly  sink  to  the  eighteenth 
division  of  the  si-ale — hence  18  X  0.05  =  0.900,  the  specific  gravity 
of  the  oil. 

Specific  Gravity  of  Solide. 

The  various  methods  for  finding  the  specific  gravity  of  soh'ds  are 
jd  upon  the  well-t^tablished  principles  that  all  bixliei^  immersed 
in  a  litjuid  displac<i  a  rjuautity  of  that  liquid  e([ual  in  volume  to  the 
vnluiue  of  the  boily  immersed,  and  at  the  same  time  are  buoyed  up 
with  a  force  equal  to  the  weight  of  the  li*juid  displaced.  The  upward 

£rf-36ure  exerted  by  the  liquid  upon  the  body  immerscHl  caust^  the 
liter  t*>  appt^r  lighter  in  weight,  and  is  proportional  to  the  density 
of  the  liquiij  ;  the  loss  of  weight,  then,  which  a  l>ody  8*?em9  tn  suffer 
upon  immersion  in  any  liquid,  represents  the  weight  of  a  volume  of 
that  liquid  identical  with  the  volume  of  the  body  immersed.  As 
Ftited  on  page  45,  pure  water  at  15*6*^  C,  (60^  F.)  has  been  dio^Mni  an 
a  standarti  of  comparison  for  solids,  and  may  be  directly  employ^nl  for 
the  immersion  of  all  bo<liea  upon  which  no  solvent  effect  is  protluced ; 
in  the  t*ontmry  *"a9e»  other  liquids  must  be  used,  as  will  Ik*  shown 
ilttter  on.  The  8|xxntic  gravity  of  any  *olid  can  Ijc  ascertained  by  the 
simple  rule  of  tbn^e,  provideil  the  first  three  terms  of  the  proportion 
ore  known^  namely  :  first  term,  the  weight  of  the  liquid  displace  ; 
^•econd  term,  the  weight  of  tlie  solid  in  air;  thinl  term,  the  specific 

ivity  of  the  liquid  used  for  immersion.  Whenever  water  is  used 
for  innuersion,  the  simple  division  of  the  weight  of  the  solid  in  air 
by  the  loss  of  weight  in  water  (weight  of  water  displaced)  exprt^j*ses 
the  ?»i*eci fie  gravity  of  the  solid,  since  the  specific  gravity  of  water  is 
I.OO^l  The  methods  for  finding  the  specific  gravity  of  solids  may 
be  divided  as  follows: 

1»  For  8oli<ls  !       "   '  '    in,  but  heavier  than  water; 

2.  For  ^lids  in  iU|  but  lighUT  tliau  water  ; 
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3.  For  solids  soluble  in  water^  whether  heavier  or  lighter  than 
that  liquid ; 

4.  For  solids  in  powder  form. 

For  solids  insoluble  in,  but  heavier  than  water,  several  methods 
are  available ;  of  these,  the  direct  method  of  weighing  is  the  most 
accurate  and  generally  employed. 

In  place  of  the  more  expensive  hydrostatic  balance,  any  good 
sensitive  prescription  balunce  may  be  used;  the  only  extra  piece 
nea'ssary  being  a  small  wooden  or  stiff  wire  bench  as  a  support  for 
the  vessel  of  water,  as  shown  in  Fig.  42.     For  instance,  a  piece  of 


Fio.  42. 


Mj^ 


I)iHgram  Bhowing  the  manner  of  weighing  a  solid  body  in  a  liquid. 


Fig.  43. 
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metal  is  found  to  weigh  258.75  grains  in  air;  by 
means  of  a  silken  thread,  or  fine  horse-hair,  it  is  com- 
pletely inimersed  in  pure  water  and  found  to  weigh 
2o5.75  grains,  the  difference  or  loss  of  weight,  23 
grains,  representing  the  weight  of  a  volume  of  water 
ecjiial  in  volume  to  the  258.75  grains  of  metal. 
Dividinji  258.75  by  28,  th<'  speeifie  gravity  of  the 
metal  is  found  to  Ik'  1  L.25. 

Another  but  less  aeeuratt*  methcnl  is  to  weigh  the  solid  in  metric 
\v«i;:ht  and  then  piact?  it  in  a  graduattnl  cylinder  containing  sufficient 
water  to  submerge  the  solid  <*ompl<'tely  («h?  Fig.  48);  the  difference 
Iwtweeii  the  first  height  of  the  water  and  that  after  immersion  of  the 


Graduated 
cylinder. 
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solid  iiidtcates  the  volume  of  water  displaciHl,  and  its  corresponding 
weight  15  readily  noted.  Sup[>o9e  a  solid  hmiy  weigliing  7.5  Gni,, 
I  placed  into  40  Co,  of  water,  myseis  the  latter  U)  rise  to  41.5  Ci\, 
showing  that  1.5  Co,  of  water  have  been  dlsplac^ed,  which  weigh  1.5 
Gm.;  theu^  applying  the  nde,  7,5 -^  1.5  =  5,  the  .spei-ific  gravity  of 
the  iittVuL 

Si  nee  solid  iKwlies  will  float  iudifferently  in  any  Thjuid  having  ihe 
same  sj>e<nlie  gravity  as  themselves,  atlvautage  may  be  taken  o!*  this 
property  to  determine  the  spec»ifie  gravity  of  solids.  Hager  recxim- 
mends  determining  the  speeitie  gravity  of  fats  by  placing  them  in 
alcohol  and  then  adding  water  until  the  fat  tloats  alx>ut  inditleivntly 
beneath  the  surface  of  the  mixtni'e:  the  s[»eeifie  gnivity  of  the  mix- 
ture is  then  taken  in  the  usual  way,  preti^mbly  liy  means  of  a  pye- 
nomcter,  and  this  at  the  same  time  expresses  the  sjieeific  gravity  of 
the  solid. 

To  ascertain  the  specific  gravity  of  solids  ins^^olnble  in,  but  lighter 
than  water,  it  l>et*omes  nt^cessary  to  insure  their  immersion  in  water 
by  attaclnng  to  them  some  lit»avy  substance,  the  weight  of  which  in 
water  must  previously  have  l>een  ascertained.  UjK)n  immersing  the 
two  htKlies  in  water  it  will  l>e  observed  that  the  weight  of  the  two 
ap|»ears  le^s  than  the  weight  of  tlie  heavy  Ixwly  alone,  which  is  due  to 
the  fart  that  the  volume  of  water  equal  to  the  volume  of  the  lighter 
body  is  heavier  than  the  latter,  anrl  iherefoi'e  exerts  a  grtaler  up- 
ward prei^sure  (»rj  the  hi^nvy  bfKly,  ('an.*iing  it  to  appear  to  We  weiglit. 
The  differenet*  lielween  the  weight  of  the  heavy  l>ody  in  waltT  and 
the  united  weiglit  of  the  light  and  heavy  lx)die$  in  water  exj»!*esses 
the  excess  of  weight  of  a  volunje  of  water  over  the  weight  of  a  like 
volume  of  the  light  ixtdy  ;  in  other  wonU,  it  sliow**  how  much  h€»avier 
a  volume  of  water  i^  than  tlie  same  volume  of  the  light  body ;  to 
fiml  the  exact  weight  of  a  volume  of  water  e<pial  to  tl»e  volume  of 
the  light  bo<ly,  this  ditference,  or  excess,  must  l»e  added  to  the  weight 
of  tJie  light  l)ody  in  air.  Suppose  a  piece  of  cork  weighs  62.5  grains 
in  air;  attachHl  to  a  piece  of  metal  which  weighs  1)4  grains  in  water, 
the  whdlc  'm^  fnutul  upon  immersion  in  water  to  weigh  8H  gniins^  or  6 
gniins  less  tfiau  the  mt^tal  alone;  adding  6  to  ti2  5  gnilns  (the  weight 
of  thectjrk)  we  obtain  6S,*^  grains,  the  weight  of  the  water  disjiUuMxi 
by  the  cork.  The  sjieeific  gravity  of  tlie  cork  is  found  by  dividing 
fi2.5  by  68.5  according  to  the  general  rule  on  page  46,  The  answer 
will  be  0.91 24 -f. 

For  mtWih  snluljle  in  water  some  other  li(|uid  nnist  be  selected  for 
inimersion,  in  which  the  solid  Ixxly  is  |K»rfiH.*tly  iiiHoluble  and  of 
which  the  specific  gravity  is  known;  in  other  re9j>ef!ls  any  of  the 
prcce^ling  methcKls  may  l»e  followed.  In  such  cases  the  weight  of 
the  liquid  displaced,  liaving  U-en  astertained,  may  l>e  used  to  find  the 
weight  of  a  c*orres*|xjnding  volume  of  wati*r,  and  the  latter  then  lie 
ilivide^I  into  the  weight  ot  the  solid;  or  the  weight  of  the  «olid  in  air 
may  be  divide*!  Iiv  the  weight  of  the  liquid  displai^  and  the  quotient 
then    nHtltijilicd   bv    the   ^pi'eitli'  v'rjivilv   of  the   lir|tiid  :    bv    either 
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method  the  specific  gravity  of  the  soluble  sul>8tance  will  be  obtained. 
To  find  the  weight  of  a  corresponding  volume  of  water,  divide  the 
weight  of  the  liquid  displaced  by  its  si)ecific  gravity,  for  the  weights 
of  equal  volumes  of  two  bodies  are  to  each  other  directly  proportional 
as  their  specific  gravities.  Example:  A  piece  of  alum  weighs  125 
grains  in  air;  immersed  in  oil  of  turpentine  having  the  specific 
gravity  0.860  it  weighs  62  grains;  lz5  divided  by  63  (the  loss 
of  weight)  yields  1.984;  oil  of  turi>entine  weighing  only  0.86  as 
much  as  water,  1.984  must  be  multiplied  by  0.860,  which  gives 
1.7062+  as  the  specific  gravity  of  the  alum.  Or  the  weight  of  a 
volume  of  water  corresponding  to  the  volume  of  oil  of  turpentine 
displaced  may  be  found  by  dividing  63  by  0.86,  which  equals  73.256, 
ana  this  divided  into  125,  the  weight  of  the  alum  in  air,  also  gives 
1.7062+  as  the  specific  gravity  of  the  alum. 

Sometimes  it  is  desirable  to  find  the  specific  gravity  of  solids  in 
powder  form,  as  calomel,  reduced  iron,  lead  oxide,  and  the  like ;  this 
is  best  done  by  using  a  flask  or  bottle  known  to  hold  a  definite 
quantity  of  water,  intnxlucing  a  certain  weight  of  the  powder,  and 
then  filling  with  water  and  weighing  the  total  contents ;  as  two 
bodies  cannot  occupy  the  same  space  at  the  same  time,  it  follows  that 
the  flask  or  lx)ttle  containing  the  powder  cannot  hold  the  same  quan- 
tity of  water  as  when  empty,  and  this  difference  corresponds  to  the 
weight  of  water  equal  in  volume  to  the  powder.  Suppose  100  grains 
of  an  insoluble  powder  are  placed  in  a  counterpoised  lOOO-grain 
bottle,  the  latter  being  then  filled  with  pure  water;  if  the  total  contents 
weigh  1088  grains,  12  graius  of  water  have  been  displaced  by  the 
ix)wder,  for  1088  —  100  leaves  088,  and,  as  the  bottle  is  capable  of 
holding  1000  grains  of  water,  the  difference  1000—  988  =  12  must 
have  lx?eu  displaa^l.  Then  iipplying  the  rule,  8.333+  is  found  to 
l)e  the  s|XK.'ific  gnivity  of  the  powder,  as  100  -f-  12  =  8.333+. 

Specific  Volume. 

The  term  8|H»i'ific  volume  is  used  to  define  the  ratio  existing  be- 
tween the  volumes  of  certain  weights  of  bodies  and  the  volume  of 
the  same  weijrjit  of  pure  water;  it  is  therefon*  the  opposite  of  specific 
gnivity.  SjK^Mlic;  volume  is  ascertained  by  dividing  the  specific 
gnivity  of  a  Ixxly  into  unity,  and  henet*  may  Ik*  called  the  reciprocal 
of  sjKHilic  gnivity  ;  it  may  also  Ixi  found  by  dividing  the  weight  of 
a  ^iven  volume  of  wat<T  by  the  weight  of  an  ecjual  volume  of  a 
li«|ui(l.  Kvery  pharnuu'ist  is  aware  that  it  will  ri'quire  vessels  of 
diiferent  size  to  hold  one  pound  of  ether,  water,  glycerin,  sulphuric 
a<*i(l,  oil  of  turjK»ntiiH\  or  <-hlorororm,  and  it  is  oft^'U  desirable  to 
know  in  advance  tin*  voliunc  of  a  given  weiglit  of  a  li([uid  ;  the 
wei;rht  in  ^rmnimes  of  any  liquid  nniltiplic<l  by  the  s]KK:ifie  volume, 
or  divide<l  by  the  s|M»cilic  gravity,  of  that  li(jui(l  at  ()nc(»  expn^sses  the 
a<aual  voliiine  in  cubic  ccntiniet<'rs.  To  find  the  volume  of  a  given 
weight,  avoirdupois  or  apothcN-aries',  of  a  li(jui<l,  it  becomes  necessary 
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'first  to  ascertain  the  volume  of  a  like  weight  of  water,  and  then  to 

,  multiply  this  by   the  specific  volume,  or  to  divide  by  the  specific 

[gravity  of  the  liquid  ;  or  the  given  weight  of  a  liquid  may  be  divided 

at  once  by  its  specific  gravity,  which  will   yield   the   weight  of  a 

volume  of  water  equal  to  the  volume  of  the  liquid,  and  then  by  find- 

.ing  the  volume  of  such  a  weight  of  water  the  volume  of  the  liquid 

18  at  i>m^  known. 

Examples:  If  the  volume  uf  500  Gm»  of  alcohol  U.S.P.  is 
de§ired,  div^ide  500  by  0.820,  the  sjKX?ific  gravity  of  tlie  alcohol,  aud 
the  quotient  609:754-  will  be  the  answer  in  culiic  centimeters. 

To  find  the  volume  of  8  ounces  of  official  glyi-erin  (apothecaries' 
weight)  it  is  necessary  to  multiply  by  480,  the  number  of  grains  in 
1  ounce,  and  then  divide  the  product  by  455.7,  the  number  of  gmins 
to  one  U.  S.  fluidounee  of  water,  the' quotient  (4J50  X  8  ^  3840  ; 
8840-5-455,7  =  8.427),  8.427,  representg  the  uumber  of  fluidouncea 
contained  in  the  same  weight  of  water;  8.427  then  divided  by  1.25, 
the  8jMf<Mfie  gravity  of  tlie  gly«x*rin,  yields  67416  Huidounces  us  the 
volume  of  8  troy  ounces  of  gly^'crin. 

How  large  a  brittle  is  refjnired  to  hold  one  pound  of  chloroform 
of  1.490  specific  gravity  !  One  pound  avoirdupois  is  equal  to  7000 
grains,  and  700O~  1.490  —  4697  98t),  the  weight  in  grains  of  a 
volume  of  water  equal  to  the  chh>rQforni ;  then  4697,986  -r-  455.7 
=^  10.309,  or  very  nearly  lOJ  llnidounces. 

Adjustment  of  Specific  Gravity  and  Percentag-es. 

While  the  adjustment  of  percentages  in  liquids  as  well  as  solids 

f>resents  no  difficulties,  the  reduction  of  liquids  from  a  higher  to  a 
ower   specific   gravity   is  not  quite    so  c^isily  ac^'omplished^  since 
:mvity  is  but  the  cicpi^essiou  of  the  relation  between  volume 
'ii  ^lit,  aud  condeusatinn  of  vuluuu'  fivcpiently  occurs  as  the 

result   of  a  mixture  of  two   liquids.     Two   very  simple  rules,  or 
formulas,  have  been  published  for  the  adjustment  of  sjiecific  gravitit^s 
of  liquids,  by  volume  and  by  weight ;  but  absolutely  accurate  results 
only  possible  when  no  vonfraction  of  volume  Uikti3  place ;  in  the 
aajority  of  C4is<?s  the  condcnsiition  of  volume  is  but  very  slight,  and 
jT  ordinary  porpocjcs  may  be  iguore<b     It  is  well   known  that  the 
Iweights  <if  equal  volumes  of  two  liquids  are  to  each  other  directly 
praportiomd  as  tlie  s|Kvific  gravities  of  these  liquids;  therefore,  the 
reight  of  a  litpiicl  dividnl  by  its  8|>ecMfic  gravity  represents  a  weight 
rf  wftter  equal  in  volume  to  the  weight  of  that  liquid*      It   is  also 
well   kn<»wu  tiiat  the  volurues  of  espial  weights  of  two  liquids  :ire 
to  Hich  other  invei'scly  (proportional  as  the  specitic  gravities  of  these 
liijuids ;  therefore,  the  volume  of  a  liquid  multiplied  by  its  sj>ecMfic 
gravity  represents  a  volume  of  water  equal  in  weight  to  the  volume 
of  tliat  li(juid.     The  well-known  pnxH^ss  of  aUlgation  is  admirably 
'iptetl  to  the  adjustment  of  Hpet:iti<'  gravitit'S  of  liquids  by  volume, 
it  is  uujiuited  to  adjustment   by  weight.     When   two  liquids  of 
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different  specific  gravities  are  mixed,  the  loss  which  one  suffers  will 
be  balanced  by  the  gain  of  the  other ;  hence,  the  two  liquids  used 
must  be  mixed  in  inverse  proportion  to  that  existing  between  the 
gain  and  loss  of  specific  gravity  and  the  specific  gravity  of  the 
mixture ;  the  difference  between  the  higher  specific  gravity  and  the 
desired  specific  gravity  of  the  mixture  will  therefore  indicate  the 

Proportion  of  the  liquid  having  the  lower  specific  gravity ;  and  the 
ifference  between  the  lower  s|)ecific  gravity  and  the  desired  S{)ecific 
gravity  will  indicate  the  proportion  of  the  liquid  having  the  higher 
specific  gravity.  For  example,  if  solution  of  ferric  chloride,  specific 
gravity  1.520,  is  to  be  reduced  to  1.387  specific  gravity  by  addition 
of  a  weaker  solution  of  1.280  specific  gravity,  107  volumes  of  the 
stronger  must  be  mixed  with  133  volumes  of  the  weaker  solution, 
or,  in  other  words,  1  volume  of  the  former  with  1.243  volumes  of 
the  latter.  It  is  customary  to  set  down  a  problem  in  alligation  in 
the  following  manner  to  facilitate  comparison  : 

r   1.520  '  0.107  =  proportion  of  the  stronger  liquid. 
1.387  \ 

(   1  280  I  0.133  =  proportion  of  the  weaker  liquid. 

If  a  definite  volume  of  the  mixture  is  desired,  the  requisite  volume 
of  the  stronger  and  weaker  li<[uids  may  be  ascertained  by  dividing 
the  desired  volume  by  the  sum  of  the  proportionals,  and  then  mul- 
tiplying each  proportional  bv  the  quotient  so  obtained  ;  thus,  if  82 
fluidounces  are  wanted,  divide  32  by  0.240  (0.107  +  0.133),  which 
yields  133.3 ;  0.107  X  133.3  =  14.27  fluidounces,  the  requisite  volume 
of  the  stronger  solution,  and  0.133  X  133  3  =  17.73  fluidounces,  the 
reciuisite  volume  of  the  weaker  solution. 
/^  To  adjust  the  specific  gravity  of  a  given  weight  of  a  liquid  to  a 
higher  or  lower  specific  gravity,  the  following  formula  may  be 
employed : 

^  „.  X  ^  («  —  b) 

in  which  x  represents  the  weight  of  the  diluent,  w  the  weight  of  the 
liijuid  to  Ixj  diluted,  a  the  specific!  gravity  of  the  liquid  to  be  diluted, 
h  the  desired  s|K*citic  gravity,  and  c  tlic  specific  jijravity  of  the  diluent. 
(Whenever  water  is  the  diluent,  c  is  maue  LOCK).)     As  stated  before 

(sec  j>agc  G3),      =  weight  of  water  ecjual  in  volume  to  »r,  -  =  weight 
ci  c 

of  water  e<jual  in  volume  to  jr,        .     -=  weight  of  water  equal  in 

volume  to  }c  +  J^.     To  Hud  the  value  of  ar,  the  following  equation, 

ir         .V        ir  +  X  ,         ,      , 

4-        —  must  Im»  solved : 

}>r}t  -if-  nhr  =   vac  ■•■  m'x 
nhf  —  #fr/  ^^  inir  —  vrb 

r  y  ,1  (/;  —  ,)       ==    ti    X  '■  ("  —  '') 

,r  \     r{o  — /;) 
r  ■ 
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Examples :  Reduce  4  pints  (64  flnidoiinces)  of  93  per  cent,  (by 
volume)  alcohol  to  65  per  cent. :  64  X  93  =  5962,  and  5952  -4-  65 
=  91.57.  Enough  water  must  be  added  to  the  4  pints  of  alcohol 
to  yield,  after  contraction  has  ceased,  91.57  fluidounces. 

Keduce  2  pounds  of  hydrochloric  acid  from  31.9  per  cent,  to  10 
per  cent. :  2  pounds  =  32  avoirdupois  ounces ;  32  X  31.9  =  1020.8, 
and  1020.8 -f-  10=  102.08.  Enough  water  must  be  added  to  the 
2  pounds  of  acid  to  bring  the  total  weight  up  to  102.08  avoirdupois 
ounces. 

Reduce  8  troy  ounces  of  stronger  ammonia  water,  28  per  cent.,  to 
10  per  cent,  strength :  8  X  28  =  224,  and  224  -^  10  =  22.4.  Enough 
water  must  be  added  to  the  8  troy  ounces  of  stronger  ammonia  water 
to  bring  the  total  weight  up  to  22.4  troy  ounces. 

For  making  a  definite  quantity  of  a  solution  of  a  certain  percent- 
age by  diluting  a  stronger  solution  with  water :  Multiply  the  required 
quantity  by  the  required  perc^^ntage,  and  divide  by  the  higher  percent- 
age  ;  the  q\u>tunt  will  be  the  quantify  of  the  stronger  liquid  necessary^ 
and  this  subtracted  from  the  total  quantity  required  leaves  the  necessary 
quantity  of  lixiter.  When  volume  adjustment  of  alcohol  is  made, 
the  same  precautions  in  regard  to  cx)ntraction  of  volume  must  be 
observed  as  stated  in  the  preceding  rule. 

Examples:  Make  1  gallon  (128  fluidounces)  of  60  per  cent,  (by 
volume)  alcohol  from  alcohol  of  94  per  cent,  (bv  volume)  :  128x60 
=  7680,  aud  7680 -f- 94  =  81.7.  Answer:  81^7  fluidounces  of  the 
stronger  alcohol  must  be  mixed  with  suflicient  water  to  yield,  after 
contraction  has  ceased,  128  fluidounces. 

Make  4  ]>ounds  of  25  j)er  cent,  phosphoric  acid  from  the  official 
85  jxjr  cent,  acid:  4  pounds  =64  av.  ozs. ;  64x25  =  1600,  and 
1600-^  85  =  18.823.  Answer:  Enough  water  must  be  mixed  with 
18.823  av.  ozs.  of  the  strong  acid  to  bring  the  total  weight  up  to  64 
av.  ozs. 

Make  720  grains  of  5  per  cent,  caustic  potash  solution  from  a  12.5 
\yoY  ct»ut.  solution  :  720X 5  =  8600,  and  3600 h-  12.5  =  288 ;  720— 
288=:=  482.  Answer:  288  grains  of  the  12.5  jKir  cent,  solution  must 
be  mixtnl  with  432  grains  of  water. 

The  adjustment  of  |)errentage  in  litjuids  may  also  he  readily  made 
by  the  pnxvss  of  alligation,  as  already  exj)lained  under  adjustment  of 
sjKH'i fie  jrravities  by  volume,  |)age  64. 

Pharmacists  and  drug  jobbers  are  sometimes  calknl  upon  to  make 
mixtuH's  of  certain  liquids  or  solids  having  different  j>ercentage 
stnMiirths  in  order  to  pnxluw  a  desirable  avenige  strength  ;  this  may 
Ik»  <lnn<*  hy  the  general  rule  for  alligation.  Write  the  {HTcentages  in 
a  (*uluinn,  and  the  mean  ]K'rcentag('  on  th(>  left.  Connect  the  simples 
in  pairs,  one  le>s  than  the  mean  with  one  greater;  take  the  difference 
U*twe«n  the  nuiin  an<l  tiie  numU^s  representing  the  j>ercentage 
stn*iii:tli  of  <»aeh  simple  and  writ<'  it  o|)|H»site  the  value  with  which 
It  i>  liiiktil.  These  ditlerenees  aR»  the  relative  quantitii»s  of  the  sim- 
ples taken  in  the  onler  in  which  their  values  stand. 
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Example:  In  what  proportion  must  powdered  opium  of  9,  12.5, 
1 5,  and  1 6  per  cent,  morphia  strength  be  mixed  to  produce  a  mix- 
ture of  14  per  cent,  strength? 


9.0—  1.0  1     X    9    =   9  9.0— 

,.      12.5-;-  2.0  2    X  12.5  =  25  _,.  12.5- 

^*     15.0-J    I  5.0  5    X15    =75  ^"^^^  15.0-' 

16.0 1.5  1.5X16    =24  16.0— 


Proof. 
2.0    2    X    9   =    18 
1.0    1     X12.5=   12.5 
1.5    1.5X15   =   22.5 
5.0    5     X16    =   80 


9.5  )  138  9.5  )  133.0 

14  14 

Answer :  1  part  of  9  per  cent.,  2  parts  of  1 2.5  per  cent.,  5  parts  of 
15  per  cent.,  and  1.5  parts  of  16  per  cent.,  or  2  parts  of  9  per  cent., 
1  part  of  12.6  per  cent.,  1.5  parts  of  15  per  cent,  and  5  j>arts  of  16 
per  cent. 

It  matters  not  how  the  simples  are  connected,  as  long  as  one  less 
than  the  mean  is  compared  with  one  greater,  for  while  the  propor- 
tional part  of  each  simple  may  vary,  the  sum  of  the  proportionals 
remains  the  same.  If  the  number  of  simples  is  not  evenly  divided 
among  those  less  and  those  greater  than  the  mean,  two  or  more  of  the 
former  may  be  linked  with  one  of  the  latter,  and  vice  versa;  thus,  to 
mix  7,  8,  9,  and  28  per  cent,  ammonia  water  so  as  to  produce  10  per 
cent,  ammonia  water,  it  would  be  necessary  to  use  6  parts  of  the  28  per 
cent,  solution  and  18  parts  each  of  the  7,  8,  and  9  per  cent,  solutions. 

Proof. 
7 18  18  X    7  =  126 


irt       8 .  18  18  X    8  =  144 

^"       9-1    ■  IS  18-     9  =  162 

28^^—  3-{-2-fl=6  6-28  =  168 

60  )  600 

10 

If  a  definite  Quantity  of  one  of  the  simples  be  directed  to  be  used 
in  the  mixture,  tne  corresponding  quantities  of  the  others  are  readily 
ascertained  by  multiplying  their  proportionals  by  the  ratio  which  the 
given  quantity  bears  to  the  proportional  of  the  simple  which  it 
represents. 

Example :  How  much  powdered  cinchona  bark  containing  3,  3.5, 
6,  and  6.5  per  cent,  total  alkaloids  must  be  mixed  with  10  pounds 
of  cinchona  bark  containing  4  per  cent,  total  alkaloids  to  produce  a 
mixed  powder  of  official  strength,  5  i>er  ceut.  total  alkaloids. 

10  -4-  1  =  10,  ratio  of  giren  quantity  to  pro()ortionaI. 


3.0 : 

1.5 

3.5 ' 

1.5 

4.0-        ' 

:  1.0 

6.(>- 

1.0 

6.5--- 

2.0  -f  1.5  —  3.5 
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Aniwer. 

Proof. 

1.5X10  =  15  pounds  of  3     % 

bark. 

15  X  3     = 

45 

1.5X10  =  15      "      "    3.5  " 

u 

15  X  3.5  = 

52.5 

1.0X10  =  10      "      "    4      " 

ft 

10  X  4    = 

40 

1.0X10  =  10      "      "    6      " 

u 

10  X  6     = 

60 

3  5  X  10  =  35      "      "    6.5  " 

(( 

35  X  6.5  = 

227.5 

85  )  425.0 

5 
If  a  definite  quaDtity  of  a  mixture  is  required^  the  quantity  of  each 
simple  may  be  ascertained  by  multiplying  its  proportional  by  the  ratio 
which  the  total  quantity  required  bears  to  the  sum  of  the  propor- 
tionals of  all  the  simples. 

Example:  How  many  grammes  of  powdered  opium  of  9,  12, 
15,  16,  and  17  per  cent,  morphia  strength  must  be  taken  to  produce 
260  grammes  of  a  mixture  containing  14  per  -cent,  of  morphia. 

9     - —  3  +  2  =  5  5X13.89  =  69.45 

12-,  1                 1  1X13.89  =  13.89 

14  I  15-  2  2X13.89  =  27.78 

I  16 5  5X13.89  =  69.45 

I  17 i                 5  5X13.89  =  69.45 


18  the  sum  of  proportionals  250.02 

250  -4- 18  =  13.89,  ratio  of  required  quantity  to  the  sum  of  the  proportionals. 

Answer :  69.45  Gm.  each  of  9  per  cent,  16  per  cent.,  and  17  per 
cent,  opium,  13.89  Gm.  of  12  per  cent,  opium,  and  27.78  Gm.  of  15 
per  cent,  opium. 

The  foregoing  rule  can  also  be  applied  to  a  mixture  of  liquids  of 
different  specific  gravities. 

Example :  A  pharmacist  is  calle<l  uj>on  to  prepare  500  Cc.  of  a 
mixture  of  alcohol,  sfKc.  ^rav.  0.820;  glycerin,  spec.  grav.  1.26; 
simple  synip,  spec.  grav.  1.817 ;  and  water;  the  mixture  to  contain  15 
per  cent,  by  volume  of  glyctTJn,  and  to  have  the  same  specific  gravity 
as  water.     How  will  he  pro<»eed? 

The  600  CV.  of  mixture  must  weigli  500  Gm.  in  order  to  have  the 
same  sixjcific  gravity  as  water ;  15  jx?r  cent,  of  500  is  75,  and  75  Cc. 
of  glycerin  of  1.25  six?cific  gravity  will  weigh  93.75  Qm. ;  this 
leaves  426  Cc.  as  the  volume  of  the  al<*ohol,  syrup,  and  water  mix- 
ture, the  weight  of  which  must  be  500  —  93.75  =  406.25  Gm.  Such 
a  mixture  would  have  the  sjiecific  gi-avity  O.J>559,  for  406.25-1-425 
=  0.9559,  and  the  necessary  quantity  of  each  ingredient  may  be 
ascertained  by  alligation,  thus 

O.X2()  0.0411  -i-  0.3011  =  0.4051'  pn)portional  of  alcohol. 

0.1».>>0     1.<MX)  0  IIV/J  "  "    water. 

1.:H7 0  I3ryj  "  "    simple  symp. 


0.6770  sum  of  tlie  pn>portionals. 
l'J.'»    :   U.<1770  =  <527.*<.  nitio  of  rc<iiiire<l  ijimntity  to  the  sum  of  the  proportionnL*. 
»*.-27.?<      0  40O2       'l:^  l.Ss}  (c.  of  alooht)l. 
♦;27.s   •    1  :i.Vj     --    S.-).:U.S  Co   of  water. 
()-J7 -^       1  :5.V.»     =    S.').:il8(c  of  syrup. 
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Cc.  Proof. 

254.384  @  0.820  =  208.594 

85.318    "   1.000  =    85.318 

85.318    "   1.317  =  112.363 

75.000    "    1.250  =    93.750 


500.020  )  500.025  ( 1.000 

Answer:  75  Cc.  of  glycerin  must  be  mixed  with  85.318  Cc.  each 
of  simple  syrup  and  water,  and  254.384  Cc.  of  alcohol.  No  allow- 
ance has  been  made  for  contraction  of  volume,  which  is  sure  to  follow ; 
hence  the  final  volume  of  the  mixture  will  be  slightly  below  500  Cc. 
and  the  specific  gravity  slightly  above  1.000. 


CHAPTER    IV. 

HEAT. 

One  of  the  most  valuable  aids  to  the  pharmacist  in  the  numerous 
manipulations  of  the  store  and  laboratory  is  heat  ;  hence  a  knowl- 
edge of  its  varied  application  and  the  modes  of  controlling  and 
directing  its  influence  is  necessary. 

The  undulatory  theory  regarding  heat  is  now  accepted  by  all  scien- 
tists ;  this  declares  heat  to  be  a  force  generated  by  the  motion  of  the 
molecules  of  bodies,  and  that  it  is  the  increase  or  decrease  of  this  molec- 
ular energy  that  gives  rise  to  the  conditions  designated  as  hot,  loarm, 
and  cold.  No  body  is  entirely  without  motion  of  its  molecules,  hence 
the  terms  heat  and  cold  are  merely  relative ;  moreover  different  bodies 
have  different  capacities  for  heat,  as  is  clearly  proven  by  two  persons 
entering  the  same  apartment,  one  of  whom  may  (K)mplain  of  uncom- 
fortable warmth,  while  the  other  experiences  a  chilly  sensation.  The 
chief  effect  of  heat,  or  increased  molecular  motion,  is  to  overcome  the 
force  of  cohesion  and  expand  the  volume  of  bodies  by  increasing 
the  intermolecular  spaces;  the  three  states  of  aggregation,  known  as 
solid,  liquid,  and  gaseous,  being  the  result  of  cohesive  force,  are, 
therefore,  dependent  ujwn  the  amount  of  heat  generated  in  or  applied 
to  a  body. 

All  solid  bodies,  when  their  molecular  motion  has  become  suffi- 
ciently intcnsifieil,  will  Ixjcome  luminous,  as  is  shown  by  the  spark 
emitte<l  when  steel  and  flint  are  struck  together,  or  by  the  kindling 
of  flame  when  two  pieces  of  dry  wood  are  rul)l)ed  together  vigorously 
for  some  time. 

(>ftentinu»8  the  luminosity  of  heated  bodies  is  used  to  indicate  the 
degree  of  heat  exhibited  ;  hence  su(rh  terms  as  dull-nnl  heat,  cherry- 
nnl  heat,  and  white  heat,  of  which  the  first  named  is  produced  during 
ordinary  combustion  of  fuel  in  a  stove,  without  a  strong  draught  of 
air,  while  the  last-named  is  the  result  of  most  intense  activity  in 
moliHMilar  motion,  brought  about  by  the  aid  of  a  jwwerful  air-blast 
in  the  combustion  of  fuel  or  by  the  use  of  electric  currents. 

II(^t  may  Ik»  either  active  or  latent;  the  former  increases  the 
temjx»rature  of  bodit^s  and  i^usos  their  expansion,  while  the  latter  is 
heat  hidden,  after  the  ex|)ansion  has  lKH?n  effected,  for  the  purpose  of 
keeping  up  the  exjKinsion.  Active  or  sensible  heat  can  be  measured 
by  its  efl(H*t  on  m<*n*urv,  ui)on  which  latent  heat  makes  no  impression; 
the  latter  <xin  l)econvertcHl  into  the  former,  however,  by  pressure  and 
other  agt'iicies. 

Heat  is  in  almost  daily  usv  by  the  pharmacist  in  the  oiKjrations  of 


HEAT, 

fusion,  eva[K)ration,  and  cleec)otion,  and  may  be  applied 
either  l>y  direct  contact  with  the  l>nrning  fuel  or  throngh  the  agtncy 
of  same  mterposeil  nieilium,  11ie  use  of  c*oal  as  a  fuel  for  tin*  pro- 
duction of  steam  is  contined  to  manufacturing  establishments*  the 
retail  pharmacist  finding  ilhiminating  gas  or  some  of  the  various 
kinds  of  eoaUoil  l>etter  adaptefl  to  his  wants.  Wherever  ilhiminat- 
ing gas  is  available  it  h  decidedly  the  most  desirable  fuel  at  the 
presi^nt  day,  not  oidy  IxK-ans*.^  its  supply  is  constant,  but  also  because 
witli  moileru  apparatus  and  appliances  it  can  be  kept  completely 
under  control,  and  thus  tiie  greatest  amount  of  heating  power  he 
ubtained  at  a  minimum  of  cost.  In  the  course  of  time  electricity 
will  no  doubt  l»ecorae  a  serious  competitor  of  gas  for  heating  purposes 
in  pharmaceutical  laboratories,  as  its  use  in  the  arts  and  for  domestic 
pur|K>ses  has  already  demonstrate*!.  Fig.  4i  illustrates  an  electric 
plate-stove,  simple  in  construction  and  very  convenient  for  boiling 
and  distilling  inflammable  liquids. 

Fio.  44, 


QUEENlJSi. 


Eleetftv  pUr«^-»tuve,  thow  Irig  i.HUcb  for  regulfcUng  the  ciirrfenf. 

Gasoline  vapor  and  kerosene  are  extensively  employed  for  the 
generation  of  heat,  in  localities  whei*e  illuminating  gas  cannot  be 
pnxnired  ;  although  both  are  cjuite  cheap  in  price,  a  certain  element 
of  danger  attends  the  use  of  the  former,  while  the  latter  is  o\Km  to 
the  objections  that  it  caunot  te  Ijiirned  without  the  aid  of  a  wick, 
that  it  deposits  soot  unless  tlic  wick  is  cai*efully  watched,  and  that 
its  combustion  is  freijuently  atx^omjmnied  by  a  more  or  less  disagree- 
able odor.  For  small  o|x*i*ations  alcoliol  offers  an  excellent  fuel  of 
giKjd  beating  (*apacity  ;  its  high  price  tor  bids  its  more  ext€»nsive  use. 

The  amount  of  heat  prcKluced  by  the  combustion  of  any  particular 
fnel  is  constant,  no  matter  how^  the  comlnistion  is  effectctl  :  but  the 
iniefisit^  of  h^Yti}^  dependent  upon  the  rapidity  of  combustion ;  there- 
fore, the  finer  the  division  of  the  fuel,  the  more  rapidly  will  it  be 
burned  or  oxidized,  and  consequently  the  greater  wilt  be  the  degree 
of  heat  genenitcil. 

Various  appliani^s  have  been  designed  for  the  production  of  beat 
for  pharmattMiticsd  purposes,  of  which  a  few  are  snown  herewith,  us 
It  is  Jissunietl  that  either  gas  or  coal -oil  is  available  everywhere. 

When  the  pricu  of  alcohol  is  not  an  objed,  this  fuel  is  preferable 
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Ut  i-im]-<ft\  where  Illiiminttting  jjas  is  »ot  availal)lL\  Fig.  45  repri-- 
Himtn  a  %'cry  cHjnvi-nieiit  form  of  spirit  lamp,  nickel-plated  and  |)ri> 
vi<I**d  with  a  n-^ii latin);  ^*w\v  for  tin*  wiefc  :  it  is  not  easilv  upset 
and  anwwerH  Wfll  for  j^ninll  o|>CTation!*  at  the  disjxMising  i\)unter. 


na  16. 


Fw.  ¥i. 


ttiirll)er«  tkko^ol  U  111  IX 


rwi.  «7 


Nickel  «|4Ht  lamp. 

RartlierH  alc^ihrtl  lamp.  Fig.  46, 
wasintrtMliut^l  inCieniuirjy  m  18^1, 
and  is  r^ajtalite  of  pnHhi(*in^  an  in- 
tense hi^t  hy  fill*  c'onilnistif»n  of 
alci»hol  vaj>or.  Tlii»  iniup,  whi<'li  ih 
pcTfeetly  safe,  is  extenaively  iiaed 
lu  Kurojie ;  it  ia  made  of  metal, 
has  a  lateral  cap|)ed  orifice  for  fill* 
ingp  and  licarfl  a  eentral  tub<\  eloBcd  on  top,  which  carries  a  solid 
wick.  This  is  not  itself  iguittxl,  hnt  only  sfTves  to  draw  up  alcohol 
from  the  reservoir.  To  the  wiek-tulx*  is  attiieheil  a  second  tube,  the 
burner- tube  proper,  which  reix»ives  the  vapor?*  from  I  he  wick.  The 
burner-tulM?  (^utains  a  wire  diaphragm,  which 
ctui  Ix*  raised  or  lowenxl  hy  means  of  the 
regulating  j^crew,  and  thns  a  higher  or  lower 
llamc  obtainetl  as  dcsireil,  Mlieii  the  lamp 
is  to  \h'  nsinl,  the  wiek-tulie  miist  lx»  heated 
slightly  by  means  of  a  lightt*d  matrli,  so  m 
to  drive  some  alcohc>l  vapor  into  the  burner- 
lubo,  where  it  is  then  ignited.  It  will  then 
eontinne  to  draw  npalaihol  vai>or  of  its  oisvn 
acM'onK  Tilt*  eiVieieney  of  the  lamp  if^  shown 
by  the  fa<'(  tluit  n  i|Uart  of  water  c*an  be  raised 
fri>m  *in^*  F,  til  the  I >oi ling-point  in  eight  and 
three-qimi^ter  minutes,  with  an  exfKiiditure 
of  about  one  uunoe  of  alcohol ;  low-^nwle 
alcohol  of  7o  or  80  per  cent,  evaporates  k*$« 
rapidly  thin  r  altN>fiol  and  producer  ecp mil y  good  n^nlts 

For   the  lion   of  coal   oil,  stovi*?*  are  now   manofaetured 

which  are  eiamatl  to  produce  a  smokelc^  and  ixJorlc*ss  fhime ;  the 
licating  ca|uicity  of  these  stoveii  b  quite  c<:»nsidenible,  and  is  re^ilated 
br  mpima  »if  acrewa  for  raiaini;  and  lowering  the  wick     Fig.  47 


S^ 


(StiiKk  burner.) 
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r;i 


represents  the  Whitnoy  Paleot  Hot-Ma^t  Stove,  in  which  the  wiok 
chamber  is  separate  from  the  oil  rfservnir.  Coal-oil  stoves  may  be 
bad  with  one,  two,  or  three  wicks,  aud  re<|iiire  some  atteotion^  so  that 
the  wicks  shall  always  be  kept  well  trunmt^i  and  free  from  carbona- 
ceous matter ;  to  avoid  a  deposit  of  soot,  the  wick  sliould  never  be 
allowed  to  touch  the  vesasel  to  be  heatt^l 

It  is  well  kuowu  that  the  ilhiminating  power  of  gas  depends  upon 
the  incaiideseence  of  jmrticle^  of  uucoiisumed  carbon,  and  that  if  these 
particles  be  brought  to  complete  combu&tion  by  the  appro|)riate  use  of 
air  (atmospheric  oxygen),  the  luminosity  of  the  flame  will  be  decreased, 
but  its  heating  power  will  be  intensified.  A  yellow  carbon izt^  flame, 
also  known  as  oil  flame,  l)ecause  resembling  that  produc<xl  by  the 
combustion  of  oil,  is  never  well  adapted  for  heating  pur{>o®es^  besides 


Fio.  la. 


Fig.  19, 


J^^ 


Ps 


lnj,ri]t.*r 


Ktiot-lliiowcr. 


depositing  considerable  soot  or  carbon  on  the  bottom  of  vessels 
place<l  over  it.  In  all  modern  j:^as-heating  apjiaratus,  proper  |>ro- 
vision  is  made  for  mixing  the  illuminating  gas  with  such  a  propor- 
tion of  air  that,  when  the  mixture  is  ignited,  a  purely  blue  flame  will 
result,  indicative  of  c^jmplete  combustion  ;  burning  alcohol  ix^sembles 
such  a  flame.  A  large  variety  of  gas  burners  and  stoves  is  now 
offered,  intended  to  furnish  both  high  and  low  ix)werH  of  heat.  Of 
these  probably  none  has  a  wider  ranjie  in  heating  capacity  tlian  the 
Fletcher  low-temp<»rature  burner  (Fig.  48),  any  <legree  of  heat  from 
a  gentle  current  of  warm  air  to  clear  red  heat  being  obtainable ;  it  » 
manufacture*!  by  the  Buffalo  Dental  Manufacturing  CompaoVy  of 
BuflTalo,  N»  Y.  The  burner  consists  of  a  ring  of  iron  tubing,  l>, 
piTforate<l  on  the  upjuT  side,  and  enclosed  in  a  cylinder  of  cast 
irc^n,  over  which  a  diaphragm  of  wire  gauze,  A,  is  fastened  ;  there 
18  a  spa*Hj,  B,  iR'tween  the  lower  eml  of  the  cylinder  and  the  bottom 
o<  tlic  apparatus,  for  the  admis.'^ion  of  air,  and  a  tube*,  r,  for  the 
titaehment  of  a  pii>e  from  a  bellows  when  a  blast  is  to  l>e  used  for 

f»r4»ducing  pf»werfnl  hnit.     When  a  gentle  heal  i^  dt^inxl,  the  gas  is 
ightiHJ  through  the  opeinng  n,  thus  heating  the  air  us  it  flows  up- 
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WErd  aiid  escapes  through  the  gauze  A.  For  a  stronger  heat  the  ^as 
and  air  mixed  are  liglited  ahove  the  wire  gauze,  and  a  steady,  smoke* 
less,  blue  flarae  is  thus  obtaiiH'^1.  As  any  rubl>er  tubing  attaelie<I  to 
D  is  apt  to  become  very  hot,  it  stiould  either  be  wrapj:>ed  with  a  sumM 
wet  oottoD  cloth,  dipping  in  waler,  or,  what  is  still  better,  alKiut 
eigljt  inches  of  gas-pine  should  be  permanently  attached  to  D^  to 
whicli  the  rubber  sup[Uy-tul»e  may  be  secured  wheu  wanted.  Fig.  49 
represent*!  a  convenient  foot-blower  for  use  with  any  gas  furnace  i*ec|uir- 
ing  a  strong  supply  of  air;  the  rubl)erdi8k  is  well  protei-tt'd  by  netting. 
For  small  operations  at  the  dispensing  ci)unter,  Biin.HtHi  burners  are 
iidually  employed,  wliich  are  so  constructed  that  a  small  supply  of 
gaa  is  made  to  yield  a  s^trong  heat  by  admixture  with  air,  whereby 
perfect  combustion  is  effirted.  One  drawback  to  the  majority  of 
Btms<^n  burners  in  ihe  market  is  the  tendency  to  **  light  back  ' ' — that 
IS,  when  the  flame  is  re<hjeefl,  it  is  apt  to  rec^^Je  and  ignite  the  gas 
at  the  pinhole  oriiite  in  the  tube;  the  most  effectual  methoil  of 
overcoming  this  difficulty  is  to  contract  the  orifice  of  the  lube  and 
introduce  a  gauze  diaphragm  into  it  near  the  top,  which,  how- 
ever, reduces  the  hearing  |K)wer  of  the  flame.  Among  the  large 
variety  of  Bunsen  burners  sold,  a  few  have  l3eeu  found  specially 
adapted  to  the  use  of  the  pharmacist,  and  are  here  illustrated. 
Fig.  50  represents  a  low  form  of  burner,  3  ineiies  high,  made  in 


Fio.  W. 


Fro.  31. 


The  Acme  surety  bamer. 


'BVMS Mwr,  low  ferm  wltb  crown 

two  ititeik,  with  tubes  of  ^  ;i    i  ^ 

ineJi  in  diameter  resj>ectively;  with 

the  aid  of  a  etintracted  brass  cap, 

the  flame  I'an  l»e  turned  down  finite 

low  without  nx5eding.    When  it  is  desired  to  distriinite  the  flame,  the 

brass   eruwn  shown  !u    the   cut  should  be  attached,  after   removal 

of  the  brasa  cap;  the  crown,  being  provided   with  three  supports, 

doea  away  with  the  necessity  for  a  tripod.     The  burner  is  made 

by  BuUoek  &  Crenshaw,  of  Philadelphia,  and  will  be   found  very 
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neeable  tor  all  smaller  operations.      In  Fig,  ol    is  sliown  the 
ae  Burner,  pateiUCHl  in   1891  hv  T.  Boyt'C,  of  New  York  ;  this 

18  probably  the  most  satin^factory  burner  made  for  small  oj^w^'rations 

at  the  dispeuBing  oouoter,  and  cau  be  used  for  coal  or  gasoline  gas. 

Each  burner  is  provided  with  two  tubes,  one  of  the  regular  Bunson 

pattern,  the  other  with  a  gau»?  safety-tip  (Fig.  52),  permitting  the 

flame  to  be  turned  down  as  low  as  desired,  and  out  without  receding. 

The  supply  of  gas  is  regulated  by  turning  the 

tube  at  A  until  the  desired  quantity  of  flame  is 

obtained ;  by  turning  the  milled   disk,  B,  up  or 

down,   it  lieing  threaded  and    moving   uiwn   the 

nippk%  the  air-supply  is  adjusted*     The  height  uf 

the  burner  is  oh  inches^  including  the  Imse*     The 

Finkuer  burner  (Fig.  53)  yields  a  very  mtisfac- 

tory  flame,  but  is  not  adapted  for  very  strong 

heat ;  it  is  so  construtled  that  the  supply  of  gas 

and  admixture  of  air  can  l>e  simultaneously  regu- 
lated by  turning  the  milled  head.     Fig.  t54  rep- 

resents  a  convenient  adjustable  burner ;  by  turning 

the  screw,  which  is  accessible  to  the  tingers  while 

the  burner  is  in  nse^  the  gas  orifice  can  be  so 

adjusted  that  any  desired  flame  mav  be  had.     The 

air-supply  h  adjustc<l  by  turning  the  air-regulator 

up  or  down,  it  l>eing  threaded  aud  moving  upon 

the  burner  tulw?.     The  moving  of  the  point  up 

through  the  gas  orifice,  while  retlueing  the  gas  quantity  and  size  of 

the  flame,  does  not  reduce  the  gas  pressure;  the  gauze  safety-tip 
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the  Acme  trorner. 
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(Pfg.  62)  can  also  W  attached  to  this  burner  when  a  very  small 
flame  is  ilesired.      For  maintaining  low  temperatares,  as  m  the 
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{rioting  of  popsin  and  sunilfir  oji^rations,  the  double  minini  burner 
(Fig,  55)  will  Iw  tVniiifl  iisi'tui. 

For  uae  witli  infliunmablc  liquids  tbe apparatus  illustrated  lu  Fig, 
56  will  be  fuiiud  stTviceable,  the  burner  being  surrounded  with  safety 
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Fig.  56. 


Double  mtiiim  bonier. 

eauze,  which  prevents  the  flame 
From  conuijunioatin^  witlj  the 
vapor  on  tlje  outsid*-,  the  priudple 
Ijeing  the  same  as  in  the  Davy 
safety  larapa. 

Fletdier's  radial  burner  (Fig, 
57)  fK)8ses8ef*  «onie  advantages  over 
other  heaters,  in  fontaiuin^  uo 
loose  part»  ami  in  l)eing  made  en- 
tirely of  auneali*d  ca^st-iron ;  it 
is  practically  iudtstruilible ;  if 
choked  with  dirt  it  is  readily 
cleaned  with  a  card  or  erpatuta. 
The  flames  art*  nmcrtiwilly  soikl 
when  in  use,  and  show   no  ten- 


Siltoty  Imfner,  to  be  t»ed  Ibr  bMtlDg  infi&m- 
mable  Itqoldi. 
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dency  to  run  to  a  point  in  the  centre ;  the  consumption  of  gas 
amttuntii  to  fn^m  12  to  18  feet  jier  hour,  and  the  burner  will  aceoni- 
tii«jfliite  vesttehi  from  10  to  18  inches  in  diameter. 


78 


GENERAL  PHARMACY. 


of  whicb  tliG  supply  of  gas  admitted  to  the  burner  is  autoniatk^ll 
controlltHj  by  expansion  and  cootraetion  of  raercury  txjntained  iii 
glass  cups  or  tubes  kept  in  eontart  with  the  air  or  liquid  the  tein- 
}K?rature  of  which  !t  is  desii-ed  to  maintain  at,  or  near,  certain  points. 
All  gas  supplied  to  the  burner  is  madt'  to  pass  through  the  thenno«»tat, 
and  tlie  rc^quired  temj^eratnre  having  iK^^n  reaehed,  the  gauge  is  set 
by  means  of  a  screw,  after  which  the  supply  of  gas  is  (x>ntroIhxi  by 
the  exi>ansiun  of  the  mercury  caused  by  an  increase  of  heat.  Figs. 
59  and  60  show  two  tlierraostats  frequently  employed. 

The  steam  boiler,  Fig.  61,  designed   by  Prof  E.  L.  Patch,  is  a 
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most  convenient  source  of  licat  for  the  reqnirementfl  of  a  small  labo* 
ratory.  The  boiler,  22  inches  high  and  10  inches  in  diameter,  b 
made  of  steel,  contains  20  flues,  and  is  covered  with  a  thick  laver  of 
aabestoe  comnositioi**  to  prevent  lf»>s  nf  heat  by  ratliatiou  ;  it  has 
a  capacity  ot  7  gaUons  and  jK)Ss«-'Ssei^  one  great  advantage — that 
it  can  l>e  hi-atitl  by  UK^ans  of  eitJur  a  gas  or  a  coal-oil  stove. 
Being  providcii  with  a  water-gauge,  safety-valve  and  manometer, 
the  boiler  is  a^  ctimplete  as  any  of  larger  si«e,  and  steam  can  l>e 
CJirrifnl  fri>m  it  to  any  point  do«.ired ;  it  is  usually  filled  from  above 
at  the  safety- valve,  but,  wherever  water  service  is  avaihil)k%  an 
inji*ctor  may  l>e  attached,  so  as  to  allow  of  filling  while  stt*ain  i>rcs- 
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sure  U  ou.  The  coil  of  pipe  in  the  con  leal  ly  i^haped  metal  case  on 
the  side,  may  be  used  for  hot  filtmtion,  evaporation  or  drving  pur- 
j^oses. 

It  is  well  known  tlmt  wtmni,  when  mnfined,  is  capable  of  abworb- 
ing  large  qnantities  of  hear,  and  ita  temperature  rises  proportionally 
to  the  pressure  exerted  u|x>n  it;  dense  aqueous  solutions,  therefore, 
can  readily  Ik»  boiled  by  means  of  suix^rheated  steam. 

For  the  pro[>er  control  and  distribution  of  heat,  different  devices 
are  employtni.  Wlien  direet  flame  is  to  be  applied  to  porc^^ain  or 
glass  vessels  the  interposition  of  wire-ji^anze  or  asbestos  elotli  will  he 
found  very  desirable  ;  for  not  only  will  the  heat  be  supplied  to  a 
greater  extent  of  surface  by  nidlatlnn,  Imt   at   the  stmie  time  it  will 
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y  distributed,  and  thus  insure  more  regular  heating,  which 
very  im|K>rtant,  considering  the  frail  character  of  flasks 


of 

and  di- 
The. 
water,  and  is  chiefly  intended  to  maintain  a  continuous  supply  of  hig 


.;.iib  is  employed  for  temperatures  above  that  of  boiling 
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and  tt>  prevent  »?udden  de^ireasion  of  temjierature  from  foreign 
"^xitiB  in  valuable  in  the  distillation  of  eerUiin  licpiids  (acids,  <*tc,) 
\  Vessels  and  may  lye  either  of  deep  or  ?»hallow  form,    (See 
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Fitx!^,  62  and  63.)  The  deep  r^and-hath  consists  of  an  iron  pot  or 
basin  containing  sufficient  dry  fine  sand  so  that,  if  desired,  the  retiirt 
or  flask  may  l)e  entirely  snrrounde<l  by  the  sarae.  Tlie  best  shallow 
sand-baths  are  made  of  Russian  sheet-iron ^  and  are  well  adapted  for 
heating^  flasks  and  L»eakers,  which  require  only  sufficient  !*atid  to  form 
.  a  goo<i  Ije^l  of  support,  since  an  excessivx^  amount  would  involve  & 
wa^te  of  heat. 

For  use  in  a  lulxiratory  where  steam  i><  availablt*,  a  ]>ermaDent 
saud-batli  may  be  provided  m  shown  in  Fig,  64.  It  is  constructed 
froai  an  ordinary  galvanized-iron  sink  and  large  gaspipe,  about 
three-quarters  to  one  inch  in  diameter,  arriingeil  horizontally  in  folds, 
the  ends  of  the  pipe  being  iutrtKiiiced  through  hoh^  of  appropriate 
gize  drillc^il  in  tlie  end  of  the  vesLsch  Sand  to  the  depth  of  two  or 
thret*  inches  may  be  pounxl  over  the  pi[x^s,  which  will  form  an  ex- 
cellent  bed  for  flasks,  dishes,  and  Vjeakers. 

Other  apfmratns  for  the  use  of  beat  above  that  of  boiling- water, 
yet  avoiding  contact  with  flame  direct,  are  oil -baths,  saline  solu- 
tion baths,  glycerin  baths,  or  paraffin  baths;  the^e  are  construrted 
like  water-baths,  and  readilv  furnish  tem[>erature5  raugiug  fmm  lOCP 
to  300°  0.(212'=^  to  644^  R), 

For  all  operations  requiring  a  decree  of  heat  below  that  of  boiling- 
water,  water-baths  will  lie  found  indispensable ;  they  may  be  made 
with  either  a  round  or  flat  txittom,  as  shown  in  Figs.  65  and  66,  and 
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ntt('bi>ttoiii  wBter^batb. 


Srovidcnl  with  a  set  of  cont-entric  rings  to  adapt  them  for  use  %vitb 
ishes  or  flai^ka  of  various  size^.  Waterbaths  made  of  extra  heavy 
tin  will  last  a  long  time  (pmvided  they  l>edrie<l  prop<?rly  after  use),  ancl 
do  not  cost  much,  while  eopi^er  is  far  more  expensive,  but.  on  the  other 
band,  resists  the  action  of  heat  and  water  l>etter  than  tiuneil  iron.  As 
long  as  the  \ii\m\v  of  lx)iling  water  is  allowed  to  esm|»e  freely,  nci  am(*unt 
of  beat  «f>plicd  to  the  vessel  nin  ptiesibly  increase  the  heat  of  the 
water  ab<^>vc  that  of  Ixtiling,  and,  as  some  heat-|K»wer  is  lost  during 
transmission  from  the  watcr-batb  to  the  vessel  resting  tijMm  it,  the 
liquid  coiitaini*<!  in  Kuch  vessel  will  always  be  found  a  few  degrees 
lower  in  heat  than  the  water  in  the  bath;  under  no  circumstances 
can  u(]Ueoiis  liquids  bt?  made  to  boil  in  dishes  placed  in  water-batlis^ 


Th«^  name  vaj>or-l)«th  h  in  the  majority  of  cases  more  appmpriate 
than  water-batli,  sim?e  the  vessel  heated  by  it  docs  not,  as  a  rule, 
cwme  in  contact  with  the  water  for  any  length  of  time,  but  derives 
Its  heat  from  the  vapor  or  steam  rising  from  the  water  and  not  c5on- 
fined  by  pressure* 

To  avoid  fref[uent  refilling  and  eon*^(juent  intcrrnption  in  long- 
continued  operations,  water-batlis  are  often  providetl  with  a  constant 
supply  attachment  as  fihawn  in  Fig*  67,  which  also  serves  to  k«^p 
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Wftter-butti  wlU>  con^t&nt-level  attnchmeDU 

Tie  water  at  a  constant  level  in  the  bath.  The  l>c«t  eontrivauce  for 
a  iroustaut  water-batli  is  that  su<i:gestcd  by  Dr.  B,  F.  Davcn{K)rt,  of 
Boston,  and  shown  in  Fig.  68,  It  consists  of  a  c^jpj^er  Ihjx,  .4,  10  or 
16  inches  square,  the  top  bt;ing  a  brass  plate  ^  inch  thick,  to  enable 
it  to  bear  considerable  weight  without  yielding.  Fix>m  the  [loint  B 
projects  a  |  inch  brass  tul>e,  B  C\  which  turns  up  at  a  right  angle. 
At  E  is  a  stopct»ck  which  is  connected  by  a  thick  rubb*»r  tuln?  with 
the  glass  tulx',  i>  F,  the  latter  being  fastened  against  the  adjoining 
wall.  Connectetl  with  C  by  a  rubber  tube-joint  is  a  J  inch  block 
tin  tube  of  !20  feet  length,  which  extends  up  the  wall,  to  which  it  is 
fastened  for  lU  feet  to  tlie  point  T,  whence  it  returns  and  ends  just 
over  the  top  of  the  glass  tul»e  at  i>.  The  hath  is  filie<l  with  water 
(pn.*find»ly  distilleil)  to  just  the  level,  fi. .  6.  The  steam  genenited  by 
the  nm-^tunt  boiling  is  condenseil  in  the  tuhie,  V  T  IK  either  Ivefore 
or  iki\vr  reacliing  the  top,  T,  and  returns  to  the  bath  at  C  or  at 
D,  wheit*  it  drojxs  iuto  the  glass  wat-er- gauge,  i>  F,  Having  once 
bwn  filled,  the  water  need  not  be  replenished  for  years,  and  there 
being  no  outlet  for  the  steam,  except  into  the  CN)udeniiing  tube,  the 
air  Hurroundiug  the  walcr-buth  will  Ik?  kept  constantly  dry — a  very 

a 
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cleiiiifiUle  p^int  in  the  eviipHnitioii  of  liquids*     If  the  water-batii 
desired  for  use  at  fixed  tenipenitiires  a  thermometer  may  bo  intro* 

diiced  through  a  eork  fittetl  to 
a  tube  inserted  in  the  cover 
uf  the  bath. 

The  hoiling;-|)oiiit  of  a  liquid 
is  that  at  which  the  elas- 
ti<*ity  of  its  va}»or  overcomes 
the  pressure  of  the  surround- 
ing atmosiihoiT,  or»  iu  other 
words,  beyond  which  the 
liquid  cannot  continue  a.s  a 
liquid  withnut  iiiereaHtHl  pres- 
sure. Xoi-mal  atixiusplieric 
pressure,  15  jiounds  tn  the 
square  inch,  which  is  equal 
to  the  pressure  of  a  column 
of  mercury  760  Mm.  (29.87 -r- 
ineht^)  in  lieight,  is  always 
assumed  when  referring  to  the 
boiling-point  of  a  liquid,  for 
any  m*xiitieation  of  the  former 
wi  1 1  eh  a  n  ge  t  he  hit  t  er  ;  t  h  lis 
water,  whieh  onJhmrilv  Wils 
at  100°  a  (212*^  F.),  has 
lK*en  known  to  boil  at  84**  C, 
(183.2°R)  on  Mont  Bluuc,  in 
8\vit/>erlaud,  and  even  at  l^b^ 
C,  (95*^  F.)  iu  a  vacuum  ap- 
paratus ;  while,  under  greaily 
inereased  pr<:'ssure,  as  iu  Pa- 

t)in's  digester,  it  has  Ix^n 
leated  to  160^  C  (320^  F.) 
without  boiling.  There  exists 
also  a  great  variability  io 
the  lMiiling-|)o!ntB  of  difterent 
liquids  under  normal  condi- 
tions; for,  while  official  ether 
Imili*  at  about  37*^  C.  (98.(i^ 
F.), chloroform  requtresatem- 
perattire  of  60.5*^  C.  (140.9** 
R),  alcohol  78^  a  (172,4** 
and    mercurv   about   357^   C- 
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FX  jclvcerin   165**   C.  (829^    F.), 
(«74^J^'F). 

Tlie  simplest  method  for  determining  the  bruling-ixjint  of  a  liquid 
in  to  fntrtLxhice  some  of  it  into  a  flask  provide*!  with  n  lateral  tulM*  in 
tlie  neck  and  a  thermometer  passing  through  the  t^irk,  ns  shown  in 
Fig.  69,  or  into  an  oniinttry  Florence  flask  provi(hnl  with  a  doubly- 
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I  perforated  cork,  tli rough  one  orifice  of  which  a  thormometer  is  mserttxl 

and  tliroiigh  the  other  a  Ix'Dt  glass  tube,  as  represented  iu  Fig.  70. 

If  iDflammable  or  noxious  vapora  arc  likely  to  i>e  evolved,  the  tube 

^  from  either  flask  njay  be  connected  with  a  comlenser.    It  is  imi>ortant 

kthat  tlie  thermometer  should  not  l>e  immersed  in  the  liquid,  but  only 

introduced  into  the  flask  so  far  that  the  btilb  may  be  enveloped  by 
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.  ,„.„    ..;:iu3iEed  for  finding  tha  botUDg-poilnt  of  a  liquid. 

the  vn[ior  of  the  boiling  liquid^  as  shown  in  the  i II u^st rations.  Heat 
shouU]  be  oirefully  applied  and  gmdually  increased  until  the  liquid 
bods  ai^tively,  at  which  time  tlie  boiling-jX)int  will  be  indicated  by 
the  bright  of  tfH»  mercurial  colunju  in  the  thermometer.  In  tlie  caBi* 
of  very  aecurau*  determinations,  it  may  l>e  necessary  to  make  conec* 
tions  for  increased  or  decreased  atmos^pheric  pressure,  and  according 
to  Kopp  the  cK>rreetion  amounts  to  1°  C\(1.8**  F-)  for  every  27  milli- 
Oieters  above  or  below^  the  normal  height  of  the  barometer  mlumn  of 
rfliercury.  In  order  to  avoid  errors,  which  might  arise  from  the  cool- 
'  ing  of  the  long  mercurial  ct^lumu  outside  of  the  flatsk,  spmally  con- 
itructed  thermometers,  known  aa  Zincke*s  thermometers  (hcc  page  90) 
are  usually  employed  for  temperatures  alxne  K>0"^  C.  (212°  F.), 

Fusible  aubstanccf^t  when  gradually  heated  to  their  melting-point, 
do  not  all  behave  in  the^ame  manner ;  as  a  general  rule,  crystal lizable 
^bodies  become  brittle  ju«t  l>t»fon*  melting,  while  non-cry«talli/iible 
staneeo  assume  a  plastic  cx)nditioo.    When  fusion  cH>nuuenctfs  they 
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oombino,  as  it  were,  with  heat  in  an  intimate  manner ;  that  is,  they 
occlude  heat,  so  that  the  further  addition  of  heat  does  not  cause  any 
rise  in  temperature  until  all  of  the  siibstam^e  has  become  hquefied* 
The  heat  thus  disappearing  is  called  the  latent  heat  of  fluidity,  l^ec^use 
it  is  used  to  change  the  solid  form  of  a  brxl y  into  the  liquid  iorm 
without  any  change  in  the  temperature  of  the  btjdy ;  thus  if  erusheil 
ice  be  heated,  the  ti*uij>erature  will  uot  vary  from  0*^  C.  (32°  F.)  while 
the  ic«  is  melting,  and  when  completely  changed  to  water,  the  tem- 
perature of  the  water  will  also  be  0^  C.  (32°  F.),  provided  the  appli- 
cation of  heat  be  not  continued  beyond  fusion.  The  amount  of  heat 
neoeaaary  to  produce  complete  fusion  varies  with  different  subHtancea; 
thus  in  the  case  of  ice  it  has  l^een  asc^rtaintxl  to  be  7l*.25  C.  or 
142.65  F. decreet*;  this  was  detemiinetl  as  follows  :  Two  vessels,  con- 
taining respectively  equal  weigiits  of  ice  and  water  at  0°  C.  (32*^  F*)» 
and  each  provided  with  a  thermometer,  were  heated  in  a  bath  of 
water;  at  the  moment  when  the  ice  had  completely  melted  the  tem- 
perature was  indicated  as  still  at  0^'  C\  (32°  F.),  while  the  tempera- 
ture of  the  water  iu  the  other  vessel  lian  risen  from  U°  C.  (32  F,) 
to  79.25^  C.  (142.65^  F.).  If  a  p*mnd  of  ice  at  0^  C.  (32^  F.)  and 
a  pound  of  water  at  1(30°  C-  (212°  F.)  be  mixed  so  as  to  avoid  loss 
by  evaiK>ration,  the  result,  when  all  the  ice  has  meltab  ^vill  l>e  two 
pounds  of  water  at  10.4^  C.  (50,7^  F.) ;  whereas  if  a  pound  of  water  at 
0°  C.  (32°  F.)  Ije  mixed  with  a  pound  of  water  at  100°  C,  (212^  F,)t 
the  result  would  be  two  pounds  at  50°  C  (122°  F.).  In  the  finst 
ca^,  79,26  C\  (142,05  F.}  degrees  of  heat  were  witlidrawn  fnjm  tlie 
boilin^r  water  to  melt  the  ice  at  0°  C  (32°  F.)  into  water  at  0°  C, 
(32**  F*),  but  in  the  second  case  this  was  not  necessary,  and  the  mix- 
ture  assumed  the  mean  temperature  of  the  two.  The  latent  heat  of 
fluidity  of  water  being  known  as  79.25°  C,  a  simple  rule  cran  be 
formulated  for  ascertaining  the  amoimtof  ice  neceasary  to  nxhice  any 
given  weight  of  %vater  at  stateil  tempemture  to  a  stated  lower  tem- 
perature, as  follows : 

Add  ihe  desired  trmptrahire  to  79.25^(7.  (142.65°  /.)  and  ditnde 
the.  Eum  mto  the  diffamee  between  the  staled  tempei^ature  of  the  icaiet 
and  the  demred  (nnprrtfiure — (he  (pioticnt  will  l>e  the  recjuired  pro- 
portion of  \ve  us  ifjiufkanil  with  the  given  weight  of  water. 

Example :  How  much  ice  is  requii^ed  to  oool  1000  Gm.  of  water 
from  lOU"  C.  to  26°  C? 


79.25 
26.00 


104JE5 


100.0 
25.0 

7M 


104.25) 


75.000    (0.7194 
72W5 


*i0250 
1042.1 

9iS60 
9S825 


44250 
41700 


Ani>*er;  U^  \*M  «'t    i<M»,  ..r  *  j".p,4  UW. 


HEAT, 


86 


Proof:    The  ire  needs  25^  C*,  »>e8ides  the  79.25°  C.  required  for 

melting  it,  and  the  water  loses  75°  C.  by  being  reduced  to  25°  C.:tt3 

75 
the  gain  and  loss  must  balance  each  other,  it  will  require         '        of 

1000  Gm.  of  ice,  or  791.4  Gm. 

The  law  regarding  latent  heat  of  fluidity  has  a  practical  bearing 
upon  tlie  fusion  of  various  substances  liable  to  be  injured  by  expo- 
ire  to  a  heat  a  little  above  tlieir  melting-points;  thus,  a  pan  of 
^ointment  or  plaster  may  be  kept  over  a  direct  fire^  %fithout  fear  of 
injury,  as  hug  tu  a  porthn  of  the  coritenis  remains  unmeUed^  as  the 
inorefified  amotint  of  heat  is  utilized  in  the  change  of  the  state  of 
aggregation,  therefore  it  cannot  raise  the  teinpeniture  above  that  of 
the  melting- i>oint. 


no.  71. 


Fjg.  72. 


UnllnuT  method  of  tindini  the  meUixi^poini  at 


The  nielting-poi uts  of  solids  are  as  variable  an  the  boiling-pointa 
of  liquids;  thus,  while  ic*?  rneltsat  0^  C,  (32^  F.)  and  lard  at  39°  C, 
a02.2°  F).  sulphur  requires  n  tcrnj>erature of  llo*'  0,(239*"  F.)  and 
pure  morphine  a  tem[)ej*aturc  of  255°  C.  (491*'  F,) 
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The  determination  of  the  nieltingpoiut  of  a  3iihstanee  freqnrntlr 
leads    to   its  identification,  and   is  a  most  valiialile  adjnoct   in   the 
examination  of  its  quality.     Some  little  ctiru   is 
^  requisite  in  determining  the  mekiuj!:*jK)int  so  ati 

to  insure  at^eumte  resuhs,  Tlie  best  plan  is  lo 
put  a  little  of  the  sul^stanoi:^  to  l>e  examined  into 
a  small  capillary  tulx?  (Fig.  71),  and,  after  cuttinjf 
ot!"  the  eulartjred  portion,  which  is  only  intended 
for  eonveiiieucf/  in  tilling,  attacJi  the  tube  to  an 
accurate  thermometer  by  means  of  a  rubber  band^ 
in  such  a  manner  that  the  tube  lies  close  against 
the  thermometer  and  the  substance  is  on  a  line 
with  the  bulb,  as  shown  in  Fig.  71.  The  ther- 
mometer thus  arranged  may  Ije  susix^udcHl  in  a 
Ix^aker  containing  water,  sulphuric  aeid,  or  jMir- 
affin,  as  shown  in  Fig,  72.  The  liquid  is  gradu- 
ally heated  and  the  tem|>erature  aeenrately  note«l 
when  the  suhj?tance  in  tlie  ciipillary  tube  raelts» 

In  order  to  insure  gifater  uniformity  in  the 
heating  of  the  mercurial  winran  of  the  thermom- 
eter>  a  very  excellent  apjMiintus  has  bt^en  devised 
by  Dr.  Alfred  Dolime,  of  this  city,  the  constmo- 
tion  of  which  is  very  simple  and  is  shown  in  Fig. 
73.  Into  the  neck  of  a  rounthnl  glass  cylinder  9 
inches  long  and  li  inclies  in  diameter  is  fused  a 
glass  tulK^  t^loseil  at  one  end  and  J  inch  in  diam- 
eter. The  thermometer,  to  which  ia  attached  the 
capillary  ttilw  containing  the  substance,  is  inserted 
into  the  inner  tul)e  by  means  of  a  perforated  cork. 
Through  the  opening  in  tlie  shonlder  snlphnric 
acid  is  pounxl  into  the  outer  cylinder  to  the 
height  of  about  7^  inches,  and  the  apparatus  hav- 
ing been  su|)|X)rted  hy  means  of  a  burette  <*lanip, 
heat  is  carefully  applied,  and  the  currents  thus 
establishetl  in  the  acid  eommunicate  heat  to  the 
air  in  the  inner  tul)e»  whicli  is  kept  uniform  by 
circulation  of  the  fluid.  As  in  the  preciJing 
experiment,  the  melting-piiint  is  noted  by  the 
height  of  the  mercurial  column  when  the  sub- 
stance melts. 

The  term  tejfipaHitui'e  m  used  to  designate  infat- 
»ity  but  not  qitantitt/  of  lieat,  whii'h  is  meaHured 
by  a  thermometer,  an  instrument  consisting  of  a 
narrow  capillary  tulx?  of  nnifttrm  bore,  hermet* 
ically  jiealed  at  the  upper  end,  and  terminating 
below  in  a  bulb  of  glass*  The  bulb  and  a  ]ior- 
)f  the  tti^>e  are  filled  with  mercur>'  (in  some  cases  with  col- 


Ihr  U»«   det«rmlniiUc»u 


Uun 


ored  alcohol  or  toluene),  and  the  whole  is  provided  with  a  graduated 
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sraie  tor 


measuring  the  rise  and  fall  of  the  liquid  within  tlie  tul)e  ; 
men^ury  is  preterretl  ibr  all  temperatures  not  below  — ^-10*^  C,  (at 
which  point  it  freezes),  on  account  of  its  uoo-adhe«ion  to  the  sides 
of  the  glass  tul>e,  and  consajnent  convex  surfaee,  and  its  great 
sensitiveness  to  even  the  slightest  change  in  temperature.  Abso- 
lute alcohol,  although  admirably  adapted  to  very  low  temperatures, 
cannot  lie  ustxl  f<»r  measuring  heat  intensity  above  78,8°  C,  its 
b«iiHng-point,  The  space  above  the  liquid  in  the  tulw  is  deprived 
of  air,  su  as  Ui  insure  the  ready  andiuniibrm  rise  of  the  liquid  when 
expanded  by  heat- 
As  all  glass  vessels  continue  to  contract  for  mme  years  after  they 
have  Ijeen  made,  absolutely  correct  measurement  of  tempratures  eao 
only  be  obtained  if  the  errnr  of  the  theruiomettT  is  known  ;  such 
error  i*an  easily  be  ascertained  by  two  vt^y  simple  cxpc»rimeots. 
Immerse  the  bulb  of  the  thermometer  in  crushed  ice  for  fitleen  or 
tw*enty  minutes,  and  note  the  point  on  the  graduated  scale  to  which 
the  mercury  will  sink;  after  five  minutes  more  of  immersion,  again 
examine  to  see  whether  the  mercury  has  remaincfl  stationary;  if  the 
men  ur^'  receded  to  0°  C.  (32**  F,)  aud  remained  at  this  point,  the 
thermometer  is  connect  as  far  as  the  freezing-point  is  eoncerneil.  To 
test  its  accuracy  at  higher  temperatures,  suspend  the  thermometer  in 
steam  rising  from  pure  boiling  water,  in  such  a  manner  that  it  is 
c<^mplelely  surroumle<l  by  it,  for  the  unconfined  vapor  of  a  boiling 
liquid  ha^  the  same  lemperatun-*  as  the  Iwiling  liquid  itself:  after 
thirty  minutes,  note  the  point  t<i  which  the  mercury  has  risen  and 
continue  the  heat  for  ten  or  tilVeen  minutes^  and  examine  again;  if 
the  mercury  has  risen  to  100°  C  (212°  F.)  and  remained  at  that 
point  for  ten  or  fifteen  minutes,  the  thermometer  may  be  consideretl 
correct  as  compared  with  the  boiling-point  of  water.  Clinical  ther- 
mometers, used  l>y  physicians  for  taking  the  temperature  of  fever 
patients,  Khould  l>e  supplied  with  a  certificate  showing  their  error,  as 
this  in  some  atsi^s  may  amount  to  nearly  i  degree.  Since  1880  the 
Winchester  Observatory  at  Yale  C^>llcge,  New  Haven,  Conn.,  has  bad 
in  ofienition  a  special  bureau  tor  the  examination  of  thermometers ;  as 
glass  tubing  will  cxmtinue  to  contract  for  three  or  four  years,  clinical 
thermometers  should  have  Ix^n  ** seasoned'*  for  at  least  that  time  be- 
fore they  are  examined,  so  that  any  error  found  may  remain  constant 
l>uring  the  jiast  two  years,  thermometers  of  great  accuracy,  in- 
troded  for  very  liigh  temperatures,  up  to  550*^  C  (1022*^  F.),  have 
been  made  in  (Germany,  of  s|)ei'ial  glass,  known  as  *Mena  resistance 
glasts/^  which  is  very  lianl  and  mm-contnictile.  In  order  to  pre- 
vent b^jiling  of  the  meivury,  which  ordinarily  ocvurs  at  aWiut 
357^  C.  (<?7i.t)°  F.),  the  mpillary  tulK>  is  ex|mnded  at  the  upper  end 
ami  filled  above  the  mercurial  column  with  compressed  dry  carl:>on 
dioxide  Still  more  rea-ntly  (I8l>4)  thenuometerH  have  been  manu- 
factured in  which  the  indicator  C4)nsi3ts  of  an  alloy  of  *iodium  and 
potaaiium,  instead  of  men-ury,  and  which  may  be  used  for  tempera- 
tures maaing  as  high  as  GoO"^  C.  (1202'^  F,).    The  alloy  is  encloaed. 
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as  lu  the  pmvious  case,  in  ^'rcVistamie'*  «:lafls,  and  the  gpace  above 
the  alloy  is  filled  with  nitrogen  at  sucli  pressure  that,  when  the  bulb 
beoomeB  red-hot,  the  prt'ssure  inside  is  equal  tti  that  of  the  atmos- 
pbere.  The  glass  of  tlie  bulb  is  attaekfxl  l>y  the  alloy  and  turned 
Drown,  but  this  occurs  at  the  time  of  filling,  and  the  coating  theo 
formed  u|>ou  the  surface  of  the  glass  protects  it  from  further  action. 

For  registering  still  higher  tetu  pern  tares,  itistruments  known  aa 
pyrometere  are  employed,  which  are,  however,  not  very  trust worthj  ~ 
they  are  of  two  kiudd,  Wedgewood's?  pyrometer,  liased  on  the  con 
traction  of  clay,  and  Brogniart\s  pyrometer,  l>a8ed  on  the  expansion  of 
metals.  When  it  is  desirable  to  note  the  highest  or  lowest  tempera- 
ture reached  duriug  any  fixe<J  time,  maximum  and  minimum  ther- 
mometers, so  constructed  that  a  small  metallic  or  glaFS  indicati>r  is 
carried  to  the  liighest  i»r  lowest  point  reached  by  the  meiK?ury  or 
alcohol,  and  lefl  at  that  point  when  the  volume  again  changes,  are 
used. 

Three  different  thermometric  registers,  known  as  the  Fahrenheit, 
Celsius  or  Centigrade,  aud  Reaumur  scales,  are  in  use.  For  scien- 
tific purposes  the  (*entigrade  scale  is  now  universally  employnl.  while 
the  Fahrenheit  s«?ale  is  in  common  use  in  this  country  and  Great 
Britain,  and  the  R^uimur  scale  is  ordinarily  useil  in  Conlinetital 
Europe.  The  graduations  of  all  three  scales  are  arbitrary,  yet  l^aseil 
upon  careful  oljtiervations  of  the  respective  authors.  Fahrenheit,  ix 
German,  who  invented  the  mercurial  thermometer,  in  170il,  ol>served 
that  a  quantity  of  mercury  immersed  in  a  mixture  of  ic5e  and  salt 
(considered  by  him  as  the  abs^iliite  zero  of  temperature)  araountal  to 
llyl24  volume  parts,  and  when  immersed  in  melting  ice  exi>anded 
to  11,156  volume  parts,  showing  an  incn*ase  of  32;  the  same  ijuan- 
titv  of  mercury  iramei'sed  in  boiling  water  expaoded  to  11,336 
volume  parts,  or  an  increase  of  212. 

These  observations  leti  Fahrenheit  to  mark  the  freezing  and  boiling 
points  of  water  at  32  and  212  degi-ees  above  aieru  resjiectively,  ana 
to  divide  the  spaoe  between  tli€se  two  [X)ints  into  180  equal  parts. 
Rteumur,  a  Frenebmany  found  that  IDOO  volume  parts  of  akx)hol  of 
a  given  strength  increased  to  1080  volume  parts  between  the  freezing 
and  hotline  points  of  water,  and  he  markid  these  two  extremes  as 
0  aud  8'  Mvcly,  dividing  the  inter veuing  spaoe  into  80  e<|nal 

|Mirt».      '  ix  8wc<le,  adopted  the  more  oonveuient  plan  of  ceu- 

tmimal  division,  and  fix***!  the  freezing  and  b*:>iling  pomts  of  pure 
water  at  0  and  lUO  rt^pc'^'tively ;  his  si^le  is  generally  termed  the 
Centignule  scale  and  is  pre  fern -d  for  scientific  work. 

When  writing  t4*m|)ertttures  on  the  dilTercnt  scales,  it  is  customary 
to  use  the?  ahbreviatious  F.  or  Falir.  for  Fahivnheit,  (l,Cent.  or  Cels, 
for  Celsius,  and  K.  or  Haum.  for  Reaumur,  as,  32°  h\,  1(K)°  C,  and 
80*  It.  On  all  the  simles,  the  decreed  are  di  videii  into  pitis  and  minus 
d^fmrn^nB  tlie^jr  may  be  above  or  below  the  asero  point;  the  latter 
being  always  dutinguishod  by  the  prefix  of  the  —  sign,  and  whenever 
thia  sign  Is  wanting,  the  degrees  of  heat  being  underHtiXxi  to  be  above 
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i?ero;  thus  18°  F.  would  indicate  18  degrees  above  0,  although  !4 
degree  below  the  freezing-poiut,  etc, 

Fig.  74  illustrates  tlie  relative  graduations  on  the  respective 
thermometric  scales. 

Aa  equal  spaces  on  the  Centigrade  and  Fahrenheit  scales  are  divided 
into  lOO  and  180  degrees  respectively,  it  follows  that  each  decree  on 
the  former  scale  is  ec|ual  to  1.8  degrees  on  the  latter,  and  since  80 
d^rees  on  the  R6auniur  licale  equal  180  degrees  on  the  Fahrenheit 
scale,  every  degree  of  the  former  must  correspond  to  2/25  degrees  of 

Pia.  74.  Fio.  76. 
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the  latter.  Every  R^iaamnr  degree  is  equal  to  1*26  Centigrade  degrees. 
The  following  rules  for  the  c-onversion  of  thermometric  values  are 
useful. 

To  convert  Centigrade  into  Fahrenheit:  Multiply  by  \,6  and  add 
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32  ;  for  any  number  of  degrees  alwve  or  below  the  freezing-point  on 
the  Centigrade  scale  when  multiplied  by  1.8  yield  the  correspondiog 
number  of  degrees  above  or  below  the  freezing-point  on  the  Fahren- 
heit si-ale. 

To  convert  Fahrenheit  into  Centigrade :  Suhtrcust  32  and  divide  by 
1.8  ;  for  any  number  of  degrees  above  or  below  the  freezing-point  on 
the  Fahrenheit  scale  when  divided  by  1.8  yield  the  corresponding 
numlxT  of  degrees  above  or  below  the  freezing-point  on  the  Centi- 
grade scale. 

To  convert  Reaumur  into  Fahrenheit,  or  Fahrenheit  into  Bteumur, 
subslituiv  2.25 /or  1.8  in  the  preceding  ndea. 

To  convert  Centigrade  into  RC-aumur,  divide  by  1.25;  and  to  con- 
vert Reaumur  into  Centigrade,  muUitdy  by  1.26. 

Examples :  Convert  25°  C.  into  F. ;  25  X  1.8  =  45  and  45  +  32 
=  77.     Answer,  77°  F. 

Convert  —1 5°  C.  into  F. ;  — 1 5  X  1 .8  =  —27  and  —27  +  32  = 
5.     Answer,  5°  F. 

Convert  —40°  C.  into  F. ;  —40  X  1.8=  —72  and  —72  4-32  = 
—40.     Answer,  — 10°  F. 

Convert  60°  F.  into  C. ;  60—32  =  28  and  28-J-1.8  =  16,55-h. 
Answer,  15.55+°  C. 

Convert  18°  F.  into  C;  18 —32= —14  and— 14-5- 1.8  = 
— 7.77  +  .     Answer,  — 7.77  +  °  C. 

Convert— 12.5°  F.  into  C. ;  — 12.5  —  32  = —44.5  and— 44.6 
-H  1.8  =  —24.72  +  .     Answer,  —24.72+°  C. 

Convert  30°  R.  into  F. ;  30  X  2.25  =  67.5  and  67.5  +  32  ==  99,5. 
Answer,  0V».5°F. 

Convert  —5°  R.  into  F. ;  —5  X  2.25=  —11.25  and  —11.25  + 
'62  =  -JOJo.     Answer,  20.75°  F. 

Convert  50°  F  into  R. ;  50  —  32=18  and  18^2.25  =  8. 
Answer,  8°  R. 

Convert  4°  F  into  R. ;  4— 32=— 28  and  — 28 -f- 2.25  = 
—12.4.     Answer, —12.4°  R. 

(  onvert  60^  (\  into  R. ;  r»o  --  1.25  =  48.     Answer,  48°  R. 

Convert  —8°  (\  into  R. ;  —8  -r-  1.25  =  —6.4.  Answer,  — 6.4®  R. 

(\)nvcrt  28^  R.  into  (\  :  2S  x  1.25  =  35.     Answer,  85°  C. 

Convert  — 7.5^  II.  into  C. ;  — 7.5  \  1.25=  — 9.37+.  Answer, 
— !*.37-^°C. 

In  onlcr  to  avoid  the  ust^  of  the  ordinary  long  thermometer  for 
ieni|MTatiin's  iiUnyo  100^  C.,  which  m\<r\it  frequently  prove  annoying 
and  ;:ive  ris*'  to  inatt'uraeies  in  s^'iontitic  work,  special  short  ther- 
lUMiiu'ttTs  have  Wh-w  devisi^l,  so  omi strut -t^xl  that  the  graduations  of 
thf  scale  In-nrin  a  liitU'  Inflow  the  UMliutr-lKMut  of  water.  (See  Fig. 
7~i. )  Thr*-'-  instruments,  known  as  /inrke's  thermometers,  are  from 
4  to  t;  liK'iits  in  It-n;j:th,  very  aeeiinitely  made,  and  are  admirably 
adaptetl  tor  te-^tini:  the  meltiuir  or  Ih)! ling-point  of  substances  at 
temperatures  alnivr  1<M>^  ( ". 


CHAPTER  Y. 


Section  and  preservation  of  crude  drugs. 


Although  the  collection  and  preparation  of  vegetable  drugs  is 
not  in  the  hand^  of  the  pharmacist,  hut  is  carried  on,  often  in  a  ^nmll 
way,  by  sjiecial  drut;-gathert«i's  and  collectors,  it  is  thought  fit  to 
I'efer  to  the  subject  here. 

The  various  parts  of  plants  used  in  niedieiue  cannot  be  gathered 
indifferently  at  all  seasons  of  the  year,  since  the  j>e('uliar  juices  of 
the  plant  in  which  its  activity  resides  are  more  abundant  in  some 
parts  than  othei-s  at  certain  periods  of  tlie  plant^s  growth*  Roots  of 
anmial  plants  should  be  ^athere*!  iranie<f lately  belbre  the  time  of 
flowering;  those  of  hi4iinkiltt^  either  late  iu  the  fall  of  the  first  year, 
or  early  iu  the  spring  of  the  second  year,  atler  the  first  appearance 
of  the  plant  above  ground  ;  perennial  roots  should  not  l>e  gathered 
until  after  two  or  three  years'  growth,  and,  in  some  «jases,  even  four 
or  five  years  are  allowtil  for  full  maturity.  Fleshy  roots  nuisl  be 
$li<?etl,  either  transversely  or  longitiidinalty,  previous  to  drying,  in 
order  to  expose  a  larger  surface  to  the  air;  whilst  smaller  and 
fibrous  roots  do  not  require  this  treatment.  When  artificial  heat  is 
to  l>e  used  in  drying  roots,  a  temperature  of  50^  to  55*^  C.  (about 
122°  to  131°  F.)  will  1)€  found  sufficient,  exc^ept  in  the  case  of  a  tew 
succulent  roots,  where  the  temperature  mav  he  raised  to  65.5^  C. 
(15<>^  F.). 

Barks  of  tre^  should  he  gathered  in  the  spring,  but  those  of 
shrubs  in  th^  autumn,  for  at  these  reasons  they  are  most  readily 
separated  from  the  wood.  Only  the  inner  bark  being  employed,  the 
outer  epidermis  should  be  removed. 

Leaves  liogin  to  lose  their  activity  after  the  flowers  apj^ear,  for  the 
juices  of  the  plant  then  go  toward  nourisln'ng  the  latter;  they  should 
therefore  be  collected  when  fully  developed,  before  they  bc^gin  to 
willier.  Ijeavea  of  biennials  must  Iw  collected  during  tlie  second 
scHscm. 

Herte  are  generally  understood  to  mean  the  whole  plant,  although 
the  nxjt  is  frecjuently  rejected ;  they  should  be  gathered  w^hen  in 
Hoover.  If  thi*  flowers  are  not  to  Ite  used  with  the  stem,  the  latter 
should  l>e  colhxrtHl  lieftire  the  flowers  ap[>ear,  but  after  foliation. 

Flowers  are  preferably  galhertnl  before  they  are  perfectly  develnj>ed 
(expanded),  sintx?  cnlor  and  color  are  then  more  pronounced  ;  the  re<l 
or  French  rose  others  a  striking  example.  They  should  be  oollec*ted 
in  the  morning,  after  the  dew  has  disappeared,  and  be  dried,  without 
artifickl  heat,  in  the  shade. 
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Fruits  should  he  gathered  before  they  are  quite  ripe ;  hut  sr 
the  least  perishable  of  vegetable  productions,  must  lie  perfectly  ripe, 
and  retiuire  very  little  drying. 

Crude  vegetable  drugs  arc  rarely  deprived  of  all  their  inhereot 
moisture  by  the  drug-gat  lie  rers,  and  invariably  real>,sorb  moisture 
whea  exposed  to  a  ^lamp  atmosphere;  l)efore  suoh  tlrugs  ran  be 
mechanically  giilxHvided  tliey  frequeutly  require  a  further  drying  by 
artificial  heat,  which  is  effected  by  spreading  the  material  loosely  on 
shelves  in  ventilated  apartments  heated  by  steam.  While  drugs 
coiitaiuiDg  volatile  constituents,  such  as  buchu,  valerian,  myrrh, 
spices,  etc,  demand  a  moderate  heat,  others  again  can  be  strongly 
heated  until  they  become  brittle,  as,  for  iuatanee,  squill ;  a  tempera- 
ture kept  at  or  fcelow  45°  C.  (113°  F.)  will  not  prove  injurious  in 
any  case. 

The  amount  of  moisture  present  in  freshly  gathered  botanical 
drugs  varies  considerably,  ranging  from  15  or  20  per  cent,  in  barks 
and  wood  to  as  muclj  as  SO  [ler  cent,  or  uiore  in  some  roots  and 
leaves^  and  the  object  of  thorough  drying  is  partly  to  redut^^  the 
bulk,  but  chiefly  to  preserve  the  drug  fV»r  future  use  ;  for  if  vegetable 
drugs  be  packed  away  in  a  moist  cnjudition  they  soon  l>egin  to  mould, 
or  become  heatetl,  and  undergo  rapid  deterioration.  The  loss  in 
weight  experienc^fl  by  thorougli  drying  of  drugs  is  in  many  cases 
more  than  compensated  for  by  the  tnereiise  In  value  of  the  dried 
article,  as  in  opium  and  other  alkaloidal  or  resinous  drugs.  If 
opium  containing  10  per  cent,  of  morphine  and  25  per  cent,  of 
nioistiu"e  be  dried  perfectly,  the  loss  in  weight  will  amount  to  one- 
fourth,  but  the  relative  proportion  of  active  principle  is  increased 
one-third  ;  jalap  tubers  containing  8  per  cent,  of  resin  and  34  per 
cent,  of  moisture  will  lose  upon  drying  abvmt  one-thiixl  of  their 
weight,  but  the  proportion  of  resin  present  is  increased  50  per  cent. 
Dried  botanical  drugs  are  best  preserved  in  cool,  dry  rmims  in  con- 
tainers which  shall  exclude  sunlight,  but  permit  of  free  circulatiou 
of  air;  odorous  drugs  should  always  be  kept  separate  in  order  to 
avoid  contitmination  of  others;  for  instance,  a  bale  of  buchii,  vale- 
nun,  or  sassafras  should  never  be  stored  by  the  aide  of  senna  leaves, 
elm  l>ark,  or  flaxseed. 

As  crude  drugs  reach  the  pharmacist  they  are  frequently  not  in  a 
condition  to  be  offered  for  sale,  or  to  be  used  in  the  preparation  of 
mtMlicines,  on  account  of  impurities  present,  and  the  process  of  gar* 
Wing  is  a  %'ery  necessary  operatitm.  The  objet^t  of  garoling,  or  piek- 
ingi  is  to  remove,  b<^ides  impurities  and  adulterations,  decmye*!  and 
Mterioi*at<Kl  |H>rticmi<  f»f  the  drug,  wliich  not  only  mar  the  anpear- 
laoe  but  are  ant  to  <H>niaminate  the  still  healthy  imrtion,  ancl  soon 
render  the  whole  worthlens.  Senna  leaves  are  generally  aoctimpanied 
by  a  considerable  proportion  of  stems,  bniken  eai)8ules,  and  dust, 
not  to  s)ieak  of  the  fraudulent  admixtures  of  stones,  shells,  etc,, 
made  by  the  gatherer  or  exporter  for  the  pur|x*se  of  increasing  the 
weight;  as  much  as  15  per  oeut  of  impurities  has  beeu  taken  from 
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what  was  bought  as  prime  seona.  Juniper  berries  are  never  free 
from  unripe  and  decayed  fruit,  dirt  and  worm-eaten  portions,  which 
should  be  carefully  removed.  Fibrous  roots,  as  spigelia,  wild  gin- 
ger, serpen taria,  and  the  like,  require  to  be  freed  from  adhering  dirt 
and  other  roots  that  grow  side  by  side  with  them,  and  have  become 
mixed  through  careless  gathering.  Although  some  drugs  are  found 
in  much  better  condition  than  others,  there  are  none  which  may  not 
be  improved  in  appearance,  even  if  it  be  only  to  have  the  fine  dust 
and  dirt  removed,  as  in  the  case  of  sassafras,  wild  cherry,  crushed 
oak-bark,  etc. ;  lycopodium,  fennel,  flaxseed,  and  similar  drugs, 
should  be  well  shaken  in  a  suitable  sieve,  to  remove  foreign  matter, 
before  putting  them  away  in  containers,  and  the  careful  pharmacist 
will  find  that  this  little  extra  labor  is  readily  appreciated  by  his 
patrons,  who  are  apt  to  judge  a  man  largely  by  the  appearance  of  his 
wares.  Even  vegetable  powders,  such  as  ipecacuanha,  nutgall,  and 
others  of  similar  character,  must  be  passed  through  a  fine  sieve,  pre- 
ferably bolting-cloth,  to  remove  coarse  particles  which  unfit  them 
for  dispensing  purposes,  and  which  have,  in  some  instances,  been 
found  to  amount  to  as  much  as  25  per  cent,  of  the  total  weight  of 
the  powdered  drug. 
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Before  employing  vegetable  drugs  in  the  various  pharmaeeutjcal 
|)i'eparatiouN  it  often  becomes  neeeftsary  to  reiiuce  them  to  a  state  of 
c^»mmnnition«  or  of  powder,  more  or  \e^  eoai'se  or  tine  as  the  natui^e 
of  the  drug  and  the  desired  preparation  may  demand.  By  simple 
conttiBton  is  generally  nnderstood  a  raiher  coarse  division,  brought 

ab<>iit  by  crushing  or  bruising  id 
suitable  apparatus  preparatory  to 
finer  reduction  ;  for  small  operations 
an  iron  or  brass  mortar  of  l>ell  or 
urn  shajie  is  cmployetl,  which  should 
be  deep  and  with  a  bnmd  inner  ^M*st% 
as  shown  in  Fig.  76,  the  pestle  being 
of  such  length  and  wt^ight  as  will 
enable  thi^  operator  to  exercise  eon- 
aideruble  foive  if  ue<^ssary.  In 
contusing  substanws  only  such  a 
fpiautity  should  l)e  placed  in  llie 
tniirtar  at  imtf!  time  a^  to  cover  the 
bottojii  for  tlie  depth  of  an  ineli 
or  two,  and  to  avoid  loss  or  un- 
pleasant results  iVoni  the  escape*  of 
dust  or  particles  of  drug,  a  cover, 
provided  with  a  hole  through  which 
the  \wn\\e  passes,  should  he  usf.'d,  In 
phit^*  of  the  mortar  and  j)esile  a  ciit- 
liug  knife  can  frefjuently  be  usfil 
with  advantage.  The  Champion  Knife 
No.  2,  Fig.  77,  made  by  the  Enter* 
prise  Manufacturing  Co.,  of  Phihi- 
delphia,  is  well  adapte^l  for  tluMtHu-sc^ 
division  of  ro«»ts,  barks,  and  herbs, 
as  it  combines  a  drawing  motion 
with  pressure  while  cutting  the  material.  When  opemting  on  laiw 
f]uantiti(4,  steam  i>ower  is  neci^ssary,  and  the  t>a**t  ajjimratus  for  tile 
purpose  is  tliat  known  as  M€*ad*s  Disinti^rrator  (see  Fig^*  78, 
^9,  and  80).  Tlie  grinding  is  done  in  this  mill  by  hardened 
slwl  U-ateni  Mrun*ly  rivitcil  on  Imrh  sides  of  a  steel  disk.  These 
beaten*  n^volve  on  the  ft^-^iing  side  of  the  mill  Ulwecn  corruuatod 
ring*.  The  beati-rs  cat^h  the  material  as  it  enters  the  mill  and  besu 
it  iigiiitii»t  the  corrugnlea  until  it  is  line  enougli  to  pass  between  the 
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disk  aoil  the  face  of  the  rin^!: ;  as*  soou  as  it  passes  here  it  is  on  the 
discharge  side  of  the  mill,  and  all  that  is  fine  enough  is  immedirUi  ly 
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driven  out  hv  tlie  In^atei-s  on  the  back  of 
the  disk.  What  is  not  line  enough  tu  dis- 
charge 19  caught  by  thc;^  back  heater^s  and 
beaten  against  the  screens  until  line  enough 
to  paas  through.  The  screens  are  made  of 
iqti&re  steel,  and  }>rim-nt  a  grinding  sur- 
face  to  the  hraters  and  a  dis<?harging  sur- 
face betwetMi  each  bar ;  they  are  two  inches 
in  width  and  extend  around  three-fourths 
of  the  ilinnu't^T  of  the  mill,  thus  giving  a 
lai^discfmrging  surface  without  cfiininish- 
ing  the  grinding  surface.  The  material, as 
it  is  ground,  falls  into  tl»e  box  or  room 
below.  The  mtist  etfectivc  work  is  arhiev<Hl 
with  the  diHintc^grator  rtmning  at  high 
»|)eed,  tijrei'  thousand  revohitions  fK*r  min- 
ute; under  such  ctjnditions,  six  hundi'ed 
jH>und5i  of  wild  cherry  bark  can  be  finely 
cruslied  iu  an  liuun 

The  production  of  very  fine  powders  of 
dmgH  has  long  since  pasjted  into  tlie  handn 
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of  the  dnig-niiller,  and  even  the  coarser  powders  intended  for 
percolatiou  are  ttxhy  prepared  by  only  a  small  iiuinber  ui'  plmr- 
toaeists.  For  the  Iiitter  purpose  the  drug  mills  sliowo  iu  Figs, 
81  and  82  will  l>e  found  very  dcsimble  In  the  New  B  Swift 
Mill  the  grinding  is  done  l)etween  plates  placed  horizontally,  while 
in  the  Enterprise  Mill  they  are  placed  vertically-  The  grinding 
surfaces  of  lx>th  mills  consist  of  circular  chilled-iron  castings 
studded  with  concentric  rows  of  sharp  teeth,  those  of  one  plate 
fitting  between  those  of  the  other.    The  teeth  decrease  in  size  toward 
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the  (H*ntn%  and  the  Hiieiiess  u(  powder  is  i*egulated  by  a  pair  of 
screws,  by  means  of  which  the  pW*9  are  made  to  approximate  each 
other.  (')ne  of  the  plates  is  stationary  while  the  other  revolves. 
Se{>ai'ate  stels  of  plates  for  coarse  and  for  very  fine  grindint^  can  Ik*  ha<l 
for  the  mills.  Care  should  be  taken  to  thoroughly  clean  the  mill 
after  each  opera t ion,  else  the  i^eniaining  dust  will  sinvly  i.*ontaniinate 
the  drug  next  ground.  The  simplest  mcth«xl  of  cleaning  is  to  run 
sawdust  through  the  mill  repeatedly,  then  lL>osen  the  m'rews  and 
remove  the  grinding  plates,  so  as  to  wash  these  with  hot  water,  if 
Deerasary,  and  »lry  quickly.  A  great  mistake  often  made  by  the 
inexiKTientTil  is  tfie  attetupt  to  produce  tine  powders  at  once  by 
ftcrewing  the  j»!ntcs  cK>se  together,  instead  of  grinding  the  drug 
coars^'ly  at  first  and  griMlually  tightening  the  mill  ;  the  tirnt  plan  U 
apt  Cij  ctiusc!  the  material  to  ]M<x)me  heated  and  i-ake,  while  the  second 
|IUU]   will  ru*Jiieve  the  ilcsired    end    more    jx»rfectly,  with    far  ]em 
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times  happens  with  vertiral  platos),  and  of  not  lioldin;^^  any  of  tlie 
ground  material  too  long,  whtreby  flojrgiuj^  may  sometimes  Ix'C^ni^Hl 
with  the  horizontal  plat^.  The  mill  is  pmvided  with  an  iron  support, 
or  may  he  Imd  without  it,  to  l>e  mouuted  on  a  Ijeavy  l>Iock  or  box. 
For  grinding  small  quantities  at  the  dis^>ent*ing  eounter  the  No.  450 
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Enterpris<'  ^  %  H4)  ip  ndruirahly  adapteil  ;  it  is  eoiistruetc<J  on 

the  psame  pri  ;  -  tlie  largir  Enterfirise  Mill  shown  Ik  fore*  AH 
llie  bcfortvmentit>n«l  haDd-miU*<  (im  Ik?  (tp»»ned  hori?:nntally,  ttj§  sliown 
in  the  e«ti«,  i»y  means  of  a  rhumt>-8crew  ami  hinge;  thus  the  interior 
mny  In*  reaidtlv  exposal  to  view  for  examination  or  eli^ning.  Th© 
nmtertal  th  "  h    a   eapaeious    liopjKT,  with    iU   Imm 

#^lK?eiftIiy  nil.  *^g  ^'^^  ^1*"^'^  '"^*'  <^***»r3*e  partide?*.     The 


rapicJity  with  vvhi<-'li  tlje  material  shoiikl  l>e  ftd  ta  the  mill  depeiuls 
entirely  iifx^n  the  character  of  the  drug,  as  some  drugs  will  ijiorten 
under  the  iuHiience  of  heat  and  pressm-e,  while  others  are  not  atftH-tetl 
at  all,  Substances  like  vanilla,  which  cannot  be  heated  l>efort* 
powdering,  on  account  of  the  rapid  loss  of  the  aromatic  priocipU^ 
must  be  refUiced  in  the  soft  condition;  and,  althouj^h  tfjc  old  methtnl 
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of  i^rindiuj!:  with  sugar  or  clean 
gand  is  still  largely  iu  use^  it  is  de- 
cidedly inferior  to  the  prcRt^ss  of 
cutting,  Griuding  or  powdering 
vanilla  has  a  tendency  to  press 
out  the  so  it  pulp,  which  soon  i-e* 
tards  the  reduction  of  the  tough 
fibre  and  requires  the  expendilur-e 
of  much  tiuic  and  labor.  If  vanilla 
be  reduced  to  the  nquisile  degree 
of  tincui'ss  for  prrcolatiou  by  mrans 
of  a  rapid-acting  cutter  it  I'etains  practically  its  original  condition, 
no  pulp  U'ing  expressed,  and  a  jmwder  U  obtaint^d  fiir  sujierior  to 
that  by  grinding  witii  «ind  or  sugar.  Fig.  85  represents  tlie  Anieri- 
can  mince-meat  choppr,  an  apjiamtus  admirably  adapted  to  the 
Lcuiling  of  vanilla,  and  first  suggt*ste<l  for  this  purjKise,  I  l>elieve,  by 
■Mr  N.  H,  Jeiming*,  of  thi«  city.  The  large  knife-blade  with  which 
the  cutting  is  ettWted  must  be  kept  well  shnrpenetl.  As  the  cylinder 
revolves  with  each  turn  of  the  lever,  fresh  particles  of  the  material 
art*  eoDtinually  presentefl  to  the  knife,  and  disintt»gration  is  rapidly 
^achieved,  white  the  aroma  ami  virtue  of  the  vauilla  are  kept 
''  itnct. 

The  grindiug  of  drugs  on  a  large  toilc,  and  |)jirticularly  into  very 

fine  powiler,  is  atToinplislK'd  cither  in   buhr-stoue  mills,  iron  mills, 

^tnch  as  the  Hogardus  hxH-entric  Mill,  or  stone  ''chaser**  mills.    In  the 

'  firsl-nunM»<l  mill,  grinding  is  effectnl  l>etw«xai  two  largi'  stone  disks 

pineal  hori/.oiitally  uud  provided  with  numerous  furrows  to  facili- 

*!<•  ti»e  jKissa^c  t*!'  tin*  groinul  drug  from  the  i^ntre  to  the  circtmi- 

rr^uce  ;  one  of  th*'  disks  is  stationary— in  some  mills  the  up[>er,  ami 
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In  others  the  lower — wliile  the  other  revulvo^^,  tlie  omterial  l^eing 
througli  an  opening  in  the  centre  of  the  upper  8t(»ne.  Bv  suitabk* 
approximation  of  I  he  -tone  disks^  powders  of  varions  degrees  of 
fineness  can  be  produfetl. 

The  portable  Bogardus  Eccentric  Mill  (Fig*  8*5)  is  a  great  favorite 
with  (Irug-millersjiia  it  can  be  driven  at  a  hi^h  rate  of  speed  without 

becominr^  Itcatod,  and  discharges  the 
ground  material  promptly  without 
danger  of  choking.  Both  grinding 
plates  revolve  in  the  satuo  dirt»c*tion, 
on  centres  which  are  aUnit  one  or 
two  inches  ajiart  from  each  other, 
hence  the  name  eccentric;  this  ar- 
rangement cxinses  the  material  Ije- 
tweeu  the  plates  to  be  mov4'd  a  1km it 
in  every  conceivable  manner,  to  l>e 
acted  upon  by  the  plates  at  every 
point,  ami  snhjectea  to  a  |>ecnliar 
twisting,  cutting,  andgrinding  motion. 
II  whereby   it  is  rapidly  tlisintegrated, 

Im  with  large  resnlts  in  ipiantity  gi^mnd 

and  the  expenditnre  of  tut  little 
power.  In  mills  with  single  revolv- 
ing platt*s  (the  other  l>eing  stationary), 
one  plate  f*ontiuually  describes  the 
ftjime  circle  on  the  other,  so  that  mate- 
rial ground  in  these  mills  is  snbjeet  to 
BofftTiius eccentric roui,  motion  in  one  direction  only ^  lience 

greater  power  and  more  time  are 
ntHt'ssary  to  ac*ci)mplisli  the  desired  i-esult  than  if  tlie  material  wen* 
aetcil  upon  in  various  directions  and  by  different  motions.  The  rate 
of  fetnling  tlu*  mill  is  controlled  by  an  adjustable  slide  atfaehed 
to  the  iK»j>per»  and  the  dc*grei*  of  finene.«is  of  powder  is  regulated  by 
means  of  a  s<»rew  and  lever  control k^d  liy  a  weight. 

The  so-called  (liaser  Mill  is  preferi'eti  when  large  quantities  of 
material,  such  as  t4nnanH»n,  ginger,  {x^p|>er,  mustard-.seeci,and  the  like, 
are  to  htt  reductnl  to  imjmlf>ah!e  |>o\vder.  Fig,  87  fehowa  a  sectional 
view  of  a  large  ehas**r  mill  in  u^  at  the  drug  mills  of  Messrs. 
Gilpin^  Langdon  <fe  C*o.,  of  this  city*  It  consists  of  tsvo  large  stone 
diskw,  or  granite  wheels,  c:<^mnected  by  a  short  metallic  axle  with  a 
revolving  shaft,  which  r-ompela  them  to  travel  in  lixeiJ  lines  on  a 
Imsi-  of  granite.  The  name  chaAcr  mil!  is  tlerived  from  the  motion  of 
the  disks— ealled  chtusrrti — which  fipjiear  to  chase  each  other  in  tlieir 
travels  over  the  stone  Iwwe.  The  grinding  oC  any  nuiteria!  suppliinl 
to  the  mill  is  effecteil  U'twi^n  the  gnmite  bivn-  and  the  outer  edge  of 
the  ehaaera  ;  by  means  of  iron  scni|>ers  appropriately  t«stene<l  to  tlie 
revolving  shali^  the  material  is  continually  lironght  imder  the  grind* 
ini;  edgcA  again.     An  ^hhi  in  the  illustration,  the  tmse  is  surrotiiule'l 
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bv  a  curb,  to  prevent  the  coarsely-grouud  particles  from  rnixiDg  with 
the  finer  jniwder,  which,  by  means  of  the  th'tioirht  created  by  the 
nipid  revohjfioii  of  the  ehaseris,  is  «irried  ujfwai-d  and  over  the  sides 
of  the  curb.  The  whole  mill  is  encloseil  in  a  dust-proof  compart- 
ment, whicli  is  <m|uetitly  provided  with  a  series  of  shelves  for  the 
purpose  of  allowing  the  tine  particles  of  powder  to  lie  dei>osited  for 
siilis*M|nent  convenient  ctil lection.  The  feeiling  of  the  mill  is  aceom- 
plished  through  the  top  of  the  box,  by  means  of  a  long  tunnel  deliv- 
ering the  material  directly  upon  the  stone  base. 


X^ 
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Sifting.  In  i»rtler  to  produce  powder  ot  uniform  fineness, 
the  ground  substauei*  ^houltl  lie  subjected  to  the  sef^arating  action 
of  j«ome  jwrforated  mc<]ium,  wherel>y  division  into  coarser  and 
finer  [wtrticles  is  readily  effet^ted.  The  construction  of  ordinary 
sieves  is  t<M*  w^ell  known  to  ra^uire  special  description.  The  perfor- 
atiHJ  material  or  netting  used  may  be  made  of  iron,  brass,  or  tinned 
wire,  hair-<^loth  tor  substances  affWted  l)y  metal,  and  silken  cloth 
for  verv  fine  or  tlusted  (jowders.  Diiferent  degrees  of  fineness 
of  jiowiler  are  dt^ignated  in  the  U.  8.  Pharmacopoeia  by  num- 
bers, which  refer  to  the  numU^  of  meshes  to  the  linear  inch  in  the 
material  of  which  tlie  sieve  is  nmde;  thus,  vertf  fine  or  Xo.  80 
powxler  should  pafl§  through  a  sieve  having  80  meshes  lo  the  linear 
Linch  (or  30  me«hes  to  the  centimeter);  finr  or  No.  60  powder  should 
through  a  sieve  having  00  meshes  to  the  linear  inch  (or  24 
to  the  centimeter) ;  moderately  fine  or  No.  50  powder  should 
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pafi--?  thnui^^li  a  sieve  Imving  50  meshes  tn  tlie  liuear  inch  (or  20 
iiieslies  tu  tlif  eentiraeter) ;  moderatehj  amme  tirNo.  40  jxtwiler  .shoulil 
pass  tliroagli  a  sieve  having  40  meshes  to  the  linear  inch  (or  10 
mci^lieja  to  the  c*enti meter);  eoarm*  or  No.  20  powder  should  pass 
through  a  sieve  having  20  mashes  to  the  linear  fneh  (ur  8  meshes  to 
the  i>entimeter).  While  it  i^  impossible  to  grind  drugn  entirely  of  the 
degree  of  Hneiie^ss  wanted  for  nmny  pur|KKses,  the  aim  sfioula  l>e  to 
keep  tht"  finer  jHirtion  down  to  a  low  lureentage  by  fretjiient  sifting; 
as  presr-ribt^l  in  the  FharmacnqKuia,  aot  moj-e  than  one- fourth  of  the 
powder  should  "pUbS  throngh  a  sieve  having  10  more  meshes  to  the 
linear  inch.  It  slionid  aUu  be  borne  iu  nn'nd  that  some  pai^s  of 
the  drug  ean  Ik*  ground  more  readily  tlian  otliers  ;  it  is  tfjereforc 
netiessary  to  mix  the  p<*wder  thor*»nghly,  after  tlie  grinding  and  sift- 
ing have  been  eompleted.     The  projK'r  handling  of  a  sieve  ean ni>t  l>e 

definitely  deseribeil,  it  must 
*''^*" '^"'  lie  taught  practically;  this 

mu<*h,  however,  can  Im*  said 
— that  no  ett'ort  ghnidd  Ik* 
nmde  to  force  the  material 
through  the  mt-shes  nf  the 
sieve  by  persistent  pressure 
of  the  hand,  whieh  will 
i^nse  the  meshes  to  ojien 
tartlier  and  allow  coarser 
particles  to  pass  through. 
In  F'ig.  SSisRhownthew^ell- 
knowu  Harris  Sifting  Ma- 
chine, which  some  twenty- 
five  yciirs  ago  was  exten- 
sively used  by  pharmaei?tB; 
its  t?onstruction  is  very  simple  and  readily  understorHi.  Of  late 
Tears,  sifters  and  mixers  <'ornbineti  in  one  piece  of  apparatus 
have  lieini  gi^eatly  preferreil;  such  a  combination^  admirably  adapted 
to  tlie  wants  of  the  pharmacist  wlio  manufiictures  on  a  stuall  senle, 
is  shown  in  Fig.  80.  Its  ca|>aeity  h  50  pounds,  and  the  mixer 
is  provided  with  u  gidvaniziii  chmble  spiral  agitator  sr>  arranged 
that  when  the  siftinl  [lowdirs  romc  in  I'outact  with  it  the  inside 
Hpiral  carrier  the  material  one  way,  while  the  outside  spiral  *iirrii*s  it 
the  other;  thus  a  most  tlioniugli  mixture  is  elTkltd  in  a  short  tinie« 
After  the  powders  have  hi'cu  mixed,  the  eontents  may  l»e  withdrawn 
by  means  of  a  slide  in  the  l>ottom  of  the  cinular  mixer,  Smaller 
and  larger  aiizcMof  the  Lightning  Sifter  and  Mixer  art^  manufactured, 
and  can  l»e  supplttii  with  sieves  of  dilTereut  degrt^es  of  (hteness. 
Fig.  W  represents  .loni'?i"  Mix^T  and  SilVr,  iu  which  tlir  mixing  is 
eflTeeted  on  a  different  principle,  by  means  of  |mtldK*?^  and  brushes; 
its  capacity  is  10  piunds.  These  ciimbinrMl  wifters  and  mixers  are  well 
adaptetl  for  the  manufacture  of  Seidlity.  mixture,  (o<»t  h -powder,  com - 
ponuil  liquoriix'  p4>wdcr^etc,|  without  theannoyan(<*e  of  dirt  and  dusL 
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PowJerecl  drugs  are  fivfjuently  offered  at  prices  lower  tlian  those 
Tcetl  for  a  good  tjiiality  of  the  crude  drug;  yet  it  is  well  koown  that 


Fig.  ^C*. 
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mixer  and  sifter. 


the  cost  is  enhanced  by  loss  in 
drying,  expense  of  powdering 
(from  A  to  10  ceutn  per  pound), 
and  other  ineidentals.  There  ean 
be  l)ut  one  explanation  for  this 
anomaly :  either  an  inferior  quality 
of  drug  has  l>een  ground,  or  ad- 

mixtures  have  lK*en  made  to  in- 

rrea^*  the  yii  Id  of  tlie  powder.  \6  detectioti  of  the  fraud  is  not 
within  the  reach  of  all,  powdenxl  drug.^  t^hould  l)e  purchased  only 
from  dealei^  whose  sense  of  truth  and  honor  is  paramount  to  their 
cupidity*  Owing  to  the  largely  increased  surface  exposed  to  light 
and  air  iu  the  case  of  jiowdered  drugs,  they  are,  as  a  rule,  more 
liablf  to  deterinnition  tlian  crude  druj^s,  and  should  therefore  be 
mon*  raivfully  prottvteil,  particularly  against  moisture. 

Among  other  methods  for  the  mwhanical  sulxli  vision  of  drugs  may 
lie  mentioned  ttitunitmn,  which  consists  in  reduction  of  a  sutjstanoe  to 
very  fine  powder  by  continued  attrition  of  the  particles  between  the 
hard  surface  of  a  pestle  and  the  sides  and  bottom  of  a  mortar.  Tritura- 
tion is  usually  applied  to  saline  and  similar  chemicral  substances,  and 
the  mortars  bent  a<laptc<l  to  the  process  are  tho^se  inarle  of  We<lgewood 
ware,  of  the  gha|>e  sliowu  in  Fig.  yi,  A  i*otary  motion  of  the  pestle 
iiocom])anie<l  l>y  pressure  is  productive  of  the  best  results  in  tritura- 
tion^ the  circles  ucscrilictl  being  gradually  enlarged  from  the  cc*ntre 
outward  and  back  again  to  the  wntre.  A  thin  layer  of  the  material 
^liould  l>e  kept  l>etween  the  pestle  and  the  f^ides  of  the  mortar.  When 
llii*  powdt-r  U'gins  to  cjikc  and  fall  toward  the  centre  of  the  mortar,  a 
^^tKituIa  should  \k*  run  aroiiu<!  thi^  sides  so  as  to  lo*jsen  up  and  mix 
tile  dttlerent  portions.  The  term  trituration  is  also  sometimes  em* 
ployed   to  designate  the  thorough    mixture  of  vegetable  or  other 
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powilens  by  nil»bjDy:  them  well  tof^ether  in  a  mortar ;  id  such  crises 
little  if  any  prt^ssure  is  employetf,  and  thorough  l>Iendi«g  of  the 
mixture  is  facilitated  by  frequeotly  scraping  the  powder  down  frutii 
both  pestle  and  mortar  with  a  spatula. 

The  reduction  of  substaoees  to  fine  powder  by  trituratiug  them  \n 
this  presence  of  a  liquid  having  no  solvent  efTei*!  upon  them,  !^  termetj 
tepigailan.  The  pr<x?e?*s  i.s  us^iially  c<»ud«t*teil  in  broad,  shallow  nior- 
tara.  Formerly,  when  a  stone  slab  aud  muller  were  employtd,  this 
method  was  also  known  as  porphyrization,  from  i*oriihyry,  a  Vi^rx 
hard  stone,  the  material  of  whidi  the  slab  waa  made.    Water,  alcohol^ 
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or  oil  may  be  used  as  suitable  media  for  levigation,  the  process  eon- 
friating  of  the  formation  of  a  soft  paste  of  the  substanoe  to  be  pow- 
dered and  the  liquid,  this  paste  being  then  triturated  or  ground  until 
iXTfW.tly  smooth.  Red  mercuric  oxide  nuiy  thus  l)e  reduced  to  an 
linfMilpalilc  jKJwdcr  by  trituration  with  «Ux>ii.il»an<l  white  painty  such 
aa  f.inc  oxide  and  lead  carbouate^  are  ground  sruuoth  with  oil  in 
aipct*i»I  paint  mills. 

Einfrialion  is  a  process  intended  for  obtaining  (^rtain  inorganic 
aub»4taiut'S  in  a  finely  pulverulent  condition,  Uy  cliffusing  them  in 
water  afu*r  they  liave  Imh^u  ground  or  crushed  ;  tlie  iH^wirscr  imrticlej^ 
then  mpidly  suliside,  owing  to  their  higher  sfw^'ific  gravity,  while  the 
water  fjoldiug  the  fine  powder  in  sus|>ension  is  dtHiintc<l  and  allowe<i 
to  settle  in  another  vessel,  the  deeaatation  Mug  n^peatnl  a  second 
time  if  necessary.  To  facilitate  drying  of  the  elutriated  powder, 
the  magma  or  soft  mass  in  draine«l  as  completely  a.**  |>ossible,  auil  then 
tbrm<\l  infu  ^^niall  conical  nrKlulcs,  which  art*  conveniently  drietl  on 
wann  iKirous  tiles*  The  well-knovvn  soft  pr€*partHj  rh:flk,  French 
bismutn  stibnitrate,  and  numerous  lake  cijlor?*,  are  obtiiined  as  fine 
powden*  by  eJiitriation* 

Otlier  methtj<)s  for  the  mechanical  subdivision  of  drup  are  y>f#- 
c^iktHmi,  rtfiadion  and  gramdnHon* 
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By  preciplktiioH  is  iimlorst*xKl  the  sudden  destruction  of  the 
soluble  furm  tA'  a  substauee  whieli  is  held  iu  sohition  ;  this  may  lue 
effected  by  the  addition  of  another  substance  to  the  solution,  or  by 
some  external  agency.  The  substance  thus  thrown  out  of  dilution  is 
termetl  tlie  precipitate,  and  the  substance  or  force  causing  the  separa- 
tion, tlie  precipitant.  Precipitation  is  employed  in  pharmacy  as  a 
method  of  pulverization  and  purific-atiun,  and  as  a  couveuient  means 
for  obtaining  many  insoluble  siihstaoccia. 

The  first  of  these  <K>me8  under  the  head  of  what  may  be  termed 
simple  or  physical  preinpitation,  usually  brought  about  by  the  addi- 
tion to  the  solution  of  some  i4ul>st4ince  in  which  the  dissolved  body 
h  insoluble ;  as  iu  the  pre<:'ipitation  of  ferrous  sulphate  or  of  tartar 
emetic  from  aqueous  stolution  by  means  of  alcolioL  Other  examples 
of  physiL*al  precipitation  are  the  separation  of  iodine  or  mmphor 
from  alcoholic  solulion  by  the  addition  of  water,  the  precipitation  of 
solution  of  acacia  by  alcohol,  the  precipitation  of  lime-water  by 
boiling,  and  the  preparation  of  the  official  resin  of  jalap. 

The  prijeess  of  preei|»itntion  when  intended  as  a  means  of  punfi<aa- 
liou^or  of  iheprepuraliun  of  insoluble  cumpounds,  almost  invariably 
involves  ehemieal  action,  as  in  the  purification  of  metals  by  electro- 
lysis, the  manufacture  of  mercuric  iodide,  etc.;  in  the  former  case 
simple  decomposition  of  a  salt  is  effected,  while  in  the  latter  case 
mutual  decomposition  between  two  salts  is  as  a  rule  necessary. 

Some  insoluble  compounds  are  precipitated  by  simple  decomposi- 
tion of  a  substanrx'  Uy  means  of  water,  as  bismuth  subm'trate,  yellow 
mercuric  subsulpluitc,  etc, ;  in  the  former  case  an  acid  solution  is 
freely  diluted  with  water,  in  the  latter  case  white  mercuric  sulphate 
is  tlinjwn  into  boiling  water. 

Merruri**  i>xide  can  be  ol»taiued  in  a  much  finer  state  of  division 
l)y  i^ri-cipitation  tlum  by  any  other  method,  but  it  must  be  brought 
almut  by  chemical  action.  If  a  solution  of  mercuric  chloride  be 
[MniriHl  into  a  solution  of  sodium  or  pittas^iura  hydroxide  two  new 
compounds,  yellow  mercuric  oxide  aud  sodium  chloride,  are  formed, 
tlie  latter  remaining  in  solution,  while  the  former  separates  as  an 
!m|>alpable  |>owder,  l>eing  insi>luble  in  all  neutral  liquids.  I^ead 
ifxlide,  magnesium  airbonatc,  ammoniattHl  mercury,  and  precipitated 
chalk  are  familiar  examples  of  comiKiunds  prepared  by  chemical 
precipitation. 

The  character  of  the  precipitate  depends  largely  u|K>n  the  condi- 
tions under  which  ith  formation  is  effected  ;  thus,  concentrated  solu- 
tions are  apt  to  yield  dense  precipitates,  particularly  if  heat  be 
employed,  whereas  cold  dilute  solutions,  as  a  rule,  produce  light 
bulky  prfHjfipitates.  In  the  preparation  of  new  chemical  t^m|xninds 
by  prfx-ipitation  it  is  imi)ortant  that  the  profxirtion  in  which  the 
|inx*ipitJmt  is  to  be  employed  should  Ije  detenninod  l>y  calculation, 
tm  A  defidrncy  or  au  excess  may  result  in  loss  from  imperfect  pre- 
cipitation or  rt»-s<>luliou  of  the  precipitate.  Mutual  dfr^Hunposition 
|ji!twe«*n  two  salts  always  takes  place  in  definite  molecular  projior- 
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tions,  and  tlie  necessary  quant itic^s  may  be  n?adily  ascertained  by 
writing  out  an  ctjuatiun  sliowing  the  dwnmjxisition  ;  thus  the  forma- 
tion of  vellow  mercuric  oxide  is  demonstrated  by  the  equation 
HgCIj  +  !>NaOH  -=  HgO  +  2NaCI  +  H^O,  whidi'  shows  that  1 
molecule  or  270,54  parts  of  mercuric  chloride  requires  2  molecules 
or  79.92  parts  of  sodium  hydroxide  for  complete  prei*ipitatioD.  lo 
this  case  an  excess  of  sodium  hydroxide  is  not  hurtful,  bul  ii 
deficiency  would  result  in  tlje  |iroduction  of  mercuric  oxyehloridf 
of  brownish  color  instead  of  a  pui^  vellow  oxide.  The  ecjuation 
IlgCl,  +  2KI  :=  llgl,  +  2KCI  shows'  that  in  the  fonuatioo  of  ml 
mercuric  iodide  2  moletuiles  or  331.12  {jarts  of  potassium  iodide  are 
necessary  for  the  complete  prec^ipitation  of  1  molecule  or  270.54 
parts  of  mercuric  chlori<ic  :  these  pro[>ortions  mui^t  be  strictly  ob- 
served, otherwise  a  lo^s  will  result,  as  re<I  mercuric  iwlide  is  soluble 
in  both  potassium  iodide  and  mercuric  chloride  solutions.  When 
precipitation  by  mutual  de<*om  posit  ion  l)etwecn  two  salts  is  proposed, 
the  sidts  arc  mixed  in  the  form  of  sepanite  solutions,  and  perfect 
blending  is  accomplished  by  stirring  the  mixture. 

The  most  convenient  style  of  vessel  for  precipitation  is  a  glfise  or 
stoneware  jar  c*onstdenibly  broader  at  the  bas4?  than  at  the  top,  and 
providcfl  with  a  lip;  this  greatly  facilitates  the  sul>sidence  of  the  pre- 
cipitate, and  the  subsequent  removal  of  the  clear  liquid  n'mainirtg' 
above  the  precipitate,  known  as  mtpetmafmit  liquid. 

The  purirttujtiou  of  precipitates  is  effected  by  a  |>roees8  of  washiuj^, 
wJiich  consist^*  cither  in  mixing  tfieui  rej»eat4xlly  with  fresh  portions 
of  water  in  a  suitable  jar,  and  deciintiu^  the  supernatant  liquid  after 
it  has  lr>econie  perfei'tly  clear,  or  in  continued  atfusions  of  water  on 
tlie  pi'ecipitiite  eontained  in  a  cloth  htrainer  or  j>ai>er  filter ;  each 
porti<»n  of  water  should  he  well  mixed  with  the  precipitate  and  the 
washing  continued  until  the  complete  removal  of  the  soluble  by- 
product has  lieen  ascertained  by  appropriate  test*^.  When  a  precipi- 
tate tenaciou*^ly  retains  liquid^  forming  a  thin  |wistc,  the  mixture  i« 
termed  a  itia^nm,  and  forcible  expression  must  frcqtjcutly  be  resi>rted 
to  in  onlcr  to  remove  the  liquid,  as  in  the  nisc  of  washing  ferric 
hydroxide^  freshly  pnTipitatc<l  calcium  phosphate,  etc. 

The  official  rcilui^^il  iron  is  an  instance  of  a  metal  ohtaiuiHl  in  a 
finely  divtdml  sttitc  l>y  nyhwfifm  ;  ferric  oxide  being  beattnl  tor**dni*s?8 
in  an  atmosphere  of  hydrogi^n,  in  suitable  tubes,  and  allow*ed  to  cxml 
without  contact  of  air.  This  nielhrMl  i»f  producinfj  metallic  iron  iu 
fini*  jiowiler  yields  Iwtter  n*sul(s  than  any  oilier  known. 

Ontmdaiion  is  a  protx*ss  by  wliicb  tHTtain  substances  soluble  in 
water  are  obttiiufd  in  tlie  form  of  ciMirse  powder  l)y  .niniple  evapora- 
tion of  their  solution,  with  tHH»stant  stirring,  until  all  moisture  ia 
difisiiKitHb  It  is  em|doycHl  I'ilher  for  deltqui^eent  and  difficultly 
cjpyatjilli^ible  substances,  an  iK>tiiasiutn  citrate  and  *»Hx»nate,  or  in 
caAes  when^  the  solution,  if  alhiwed  to  e%m»orate  vetv  slowly,  woidd 
yield  larger  crystalline  masses^,  as  amrannnmi  chloride,  lead  acetate 
etc^     rfrannlated  iMiwders,  as  the  name  indicateB,  never  represent  a 
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fine  slate  of  division^  but  offer  a  very  cunvenieot  fnrtu  for  dis^peiK^ing 
pur}K>ses«  Zinc  ami  tin  may  be  readily  j^mimlatiHl  in  the  metallic 
state  by  heating  them  ta  a  temperature  a  little  beliiw  their  melting- 
point,  when  they  bet^ome  very  brittle,  and  c^an  then  be  rubbed  into 
coarse  powder  in  a  mortar. 

Some  substance-s  obstinately  resist  pulverization  by  any  of  the 
methods  mentione<l,  and  recpiire  a  different  treatment;  for  instance, 
camphor  cannot  lie  reduced  to  a  fine  powder  without  being  first 
bn>ught  Uy  a  state  of  partial  or  wrfect  >4oliition  by  mean^  of  akn^hol ; 
a  smooth  paste  bein^  first  formttl  of  t*amphor  and  alcohol  in  a  mortar^ 
which  is  then  triturated  until  jK^feetly  dry  and  in  the  form  of  an  im- 
)ial|mb]e  powder — excc^&sive  pressure  should  l>e  avoide<l  during  the 
trituration.  Powden^l  camphor  thus  prepared  is  apt  to  return 
gra<lually  to  a  crystalline  condition,  uo  matter  how  carefully  it  is  prc^ 
servetl,  but  this  can  be  prevented  by  precipitating  the  camphor  in  the 
presence  of  some  jwjwder  with  which  it  will  Ix^come  intimately  mixed. 
Such  a  process  was  first  piiblishtd  in  Parrish*a  Treatise  on  Phannaey^ 
and  is  as  fiiUow^s:  Four  ounces  of  cam plior  dissolved  in  8  fluidount^s 
id'  alc4)hol  ai'e  jKiured  slowly,  with  constant  stirrinir,  into  a  smooth 
mixtui^e  of  lo  jjrains  of  calcineil  magnesia  and  2  pints  of  vvati?r;  the 
precipitated  camphor,  enveloping  the  magnesia,  soon  rises  to  the  sur- 
ta«>e,  and  is  rect»vered  by  pourin^r  the  whole  mixture  on  a  paper  filter, 
where  it  is  allowed  to  drain.  To  facilitate  drying  of  the  mass,  it  is 
cut  witfi  a  sptula  into  small  jvirticles,  and  is  finally  preserved  in 
bottles.  Although  retaining  a  very  small  anion ut  of  moisture,  thift 
precipitated  camphor  keeps  excellently,  and  may  be  used  for  all  pur- 
poeet)  requiring  camphor,  except  cases  of  sohition.  Iodoform  and 
boric  acid  can  also  \w  quickly  rcxluced  to  an  impalpable  powder 
by  trituration  with  alcohol,  whereby  partial  solutiou  is  eflectetl,  and  a 
dry  powder  is  obtained  upon  ev^aporation  of  tlic  ak^>hol.  Friable 
substances,  which  are  not  lield  together  by  strong  cohej^sive  force,  but 
the  particles  of  which  are  apt  to  cake  when  submitted  to  pressure, 
may  lie  powdered  by  simple  friction  over  a  {»erforatetl  surface :  no 
l»etter  method  is  known  for  obtaining  magn(*sium  carlionate  in  an 
impalpable  condition  than  by  rubbing  the  cakes  over  the  surface  of 
an  invertcil  bolting-cloth  sieve. 


CHAPTER   YII. 


SOLUTION. 


WuEK  a  solid  body  is  brought  into  contact  with  a  fluid  in  siirh  an 
intimate  manner  that  it  loses  its  original  form  and  assumes  that  uf 
the  fluid,  |»n)ducing  a  dear  and  uniform  liquid,  the  proe*^«s  is  terme<l 
solution,  as  is  also  the  newly- formed  homogeneous  liquid;  but  solution 
is  by  no  means  i-estricttnl  to  tfje  liquefaction  f>f  isolids  by  fluids,  as 
gaseous  aud  liquid  substances  can  also  be  l)rought  to  tlie  coudition  of 
perfect  molecular  blending  chanicteixstic  of  sohition.  The  fluid  u^ed 
to  priKhiti*  solution  is  calletl  a  solvent  or  menstruum,  Tlie  hypotheses 
at  present  engaging  the  minds  of  scientists  rt^rding  the  electro- 
chemical decomjKjsition  of  bocJies  in  a  state  of  sobition  need  not  be 
considei^l  Ijere;  by  wome  the  procc\NS  of  sohition  is  looketl  upon  as 
one  of  great  foive  and  activity,  and  this  view  may  in  the  course  of 
time  clear  up  many  hitiierto  uuex plained  phenomena. 

Two  kinds  of  solution  arc  rc^^jgnizcKl,  namely,  simple  and  complrx 
solution  ;  in  the  former  the  solv^ent  produeee  no  change  in  the  sensi- 
ble cliaracteristics  of  tlie  dissolved  IkkIv,  simply  altering  its  physical 
condition,  while  in  the  latter,  where  solution  takes  place  as  the  result 
of  cliemictd  ailion^  the  pro|)erties  of  lioth  the  solvent  aud  the  dis- 
so1v*hI  b(Kly  l:)ecorae  nuKbfie*!  by  the  loss  of  old  or  the  acquisition  of 
new  profierties.  In  the  ease  of  a  simple  solution,  the  taste,  <xior, 
color,  aud  chemical  proj>erties  of  the  dissolved  IxkIv  remain  intact 
and  are  imparte<l  to  the  solution  ;  as,  for  instance,  solutions  of  sugar, 
tabl<^-salt,  t>r  ]H)tas^ium  [jerraanganate  in  water.  In  simple  solutions 
the  di.NSolveti  Ixxly  can  be  ixjcovered  in  its  original  condition  by  evap- 
oration of  the  solvent.  Complex  solutions  should  not  be  tHDufounded 
with  compound  solutions;  the  latter  term  indicates  a  mixture  of  solu- 
tions, which  may  all  l>e  simple  in  c^haim-ter,  while  complex  solutions 
are  undersl(x»d  to  l>e  the  rfe5ult  of  chemical  acti(»n  and  are  accompanied 
by  one  or  njoi*e  of  the  fijllowing  phenomena:  heat,  eflcrvcscemx% 
change  of  color,  odor,  aud  taste;  as,  for  example,  the  solution  of  a 
Heidlitz  ijowder  or  the  solution  of  red  mercuric  oxide  in  nitric  acid. 
The  nnxlucts  obtained  by  evajxiration  of  a  complex  solution  will  l>e 
founn  to  have  new  proj)erties,  not  poasessed  originally  by  the  solvent 
or  the  dissolved  Ixjdy* 

Tlie  greater  the  extent  of  surface  expose^l  by  the  solid  Imh^v  to 
thr  liquefying  action  of  the  solvent,  the  more  rapidly  will  solution 
W  Hr<n'te<|  ;  hence  meclmnicjd  divi-**ion  fiicilitates  solution,  Inviiuse  the 
latter  proc<is%B  is  id  direil  opposition  to  c*ohesion*  A  simple  solution 
of  w)lid  subftfimcfs  may  li?  c^^nsidennl  as  a  fluiti  proclucsetl  by  the 
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intimate  imiOD  of  the  solvent  and  the  dissolved  body  ui  a  state  of 
minute  division,  the  nnioo  and  division  being  so  complete  that  the 
forces  of  cohei^ion  and  gravity  are  suspended,  otherwise  a  mixture 
only  is  producetl,  and  the  solid  substance  will  a^ain  separate.  The 
a^ritatioD  of  a  mixture  of  a  solid  snli^tance  and  solvent  ai;^  causes 
more  rapid  !??olntion»  by  constantly  bringing  fix-sh  jx>rtions  of  the 
fluid  into  amtaet  with  the  solid  ;  if  equal  weights  of  aeada  or 
sugar,  in  lumps  or  in  fine  powder,  be  placed  in  separate  vessels 
with  a  sufKcieut  cjuantity  of  water,  the  one  Ijeing  actively  stirred 
wbile  the  other  is  allowed  to  remain  at  rest,  sohition  will  l>e  com- 
pletetl  in  the  former  vessel  long  U-fore  it  occurs  in  the  latter ;  thi«  Is 
due  to  the  tact  tliat  in  the  8e<'ond  vei^sel  a  dense  solution  will  form 
imniHliately  around  the  solid  particles,  and  thus  prevent  the  re* 
mainder  of  the  fluid  from  exerting  its  solvent  action. 

The  terra  *'  solubility/-  when  no  solvent  is  mentioned,  always  refers 
to  the  behavior  of  the  substance  toward  water  at  the  ordinary 
temperature,  alx>ut  IbJ]^  C\  (&}^  F.);  thus  the  stutements  that 
sugar  is  soluble  ami  bismuth  subuitmte  is  iusoluble  refer  solely  to 
the  liquefying  etVeet  which  water  will  have  upon  the  two  substances. 
Different  degrees  of  solubility  are  expressed  by  such  terms  as 
^pdiingly  mhihU^  mhiLle,  and  vay  Hohthk ;  these  varying  degrees  of 
s<»lubility  do  not  determine  the  rapidity  of  solution,  for  some  sulv 
stances  an:*  known  to  tlissolve  slowly  but  to  a  greater  extent  than 
t>thers  which  enter  into  s^ilutiou  more  rupitlly  but  in  less  (iroporticm, 
Substance^s  diflcr  greatly  in  their  solubility  in  water;  as  extremes 
may  lx»  mentioned  zinc  chK»nde,  soluble  in  one*tliirxl  of  its  weight  of 
water,  and  bariimi  sulphate,  which  requires  about  eight  hundretl 
thousand  times  its  weight  of  water  for  solution.  Substances  but 
slightly  soluble  in  water  may  be  very  soluble  in  cither  liquids;  as 
camphor*  which  requires  about  1(X)0  [Kirts  of  water  for  solution  but 
is  readily  soluble  in  tme-thii-d  of  its  weight  of  chlorofornh 

Ilcat,  as  a  rule,  favors  the  solution  of  solids  and  din»in!shes  the 
solubility  of  gases,  but  there  are  no  substances  totally  insoluble  in 
the  C4»ld  which  l>et^^me  soluble  by  the  aid  of  increased  temj>er«turc. 
The  eftei't  of  the  application  of  heat  is  the  establishment  of  currents 
in  the  liquid  whicli  will  facilitate  solution  just  as  agitation  of  the 
vesst*!  ihvors  the  same  result;  and  moreover,  since  heat  intensifies 
mollH-uhir  moti(»N  in  both  the  menstruum  and  the  solid,  not  only  will 
an  increased  quantity  of  the  latter  as!?ume  the  fluid  state,  but  solution 
will  also  be  effected  in  less  time,  on  account  of  the  energetic  intra- 
molecular activity.  There  ai'c  some  exceptions  to  the  general  rule 
that  heat  increast^s  the  s*»luliility  of  substaiuvs;  for  instance,  common 
salt  is  alxmt  as  soluble  at  oixiinary  teini>eratuivs  as  at  the  builing- 

Iwiiot  of  water;  sodium  snl[>hate  or  (ilaul>er*s  salt  increases  in  solu- 
ulity  i^pidly  from  15^  C  (5S)n*\)tD34^  C.  (93.2°  F.),at  which  point 
water  takes  np  four  times  its  weight  of  the  salt,  but  beyond  this  teni* 
peniture  its  solubility  again  decTcases  until  lOO*^  C  (212^  F.)  is 
reiehedy  when  water  takci§;  up  about  2,1^  titnes  its  weight  of  the  salt; 
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caletiim  citrate  and  snlpliat*:'  as  well  as  s^lakid  litnf  are  far  less  soltifcle 
in  hot  water  than  in  cold,  and  will  bo  i*eiidily  deposited  if  tlieir 
.solutions  be  IkmIchI. 

The  PhannanijKiiia,  in  tlie  case  of  nearly  every  aoluble  aubstunct?, 
indii-at^^'S  the  de^ret^  uf  solubility  by  stating  the  number  of  parts  by 
weij^ht  of  the  solvent  ncH-essary  to  dissolve  one  part  of  the  suli^tanee  ; 
this  proportion  is  usually  givtn  fiir  both  normal  and  boiling  temper- 
atures* The  pliarmar-ist  must  be  familiar  with  the  methods  for 
determining  tlie  solubihty  of  siibstanceSi  so  as  to  be  able  to  apply 
the  oflReial  test-i  intelligently.  At  ordinary  temperatun^  15^^  (J. 
(59*-'  F,),  a  sin^ple  but  aeeurate  plan  is  to  plai*e  some  of  the  sub- 
stance in  fine  powder  in  a  wide  te-st-tiil»e,  or  sraall  Hask,  provided 
with  a  stopper,  and  a<hl  as  nnieh  of  tlie  solvent  as  may  l>e  neeessary, 
leaving,  however,  a  sraall  portion  of  the  substance  undissolved — 
simke  the  tiask  freely »  or  stir  the  eontents  of  the  tube  briskly  with  a 
glass  rod,  warm  the  mixture  slightly  in  a  water-bath  and  alhiw  it 
to  cool  down  to  lo°  C.  (59*^  F*j,  by  placing  the  tul^e  or  flask  In 
water  having  tlmt  ternperatui*e.  In  order  to  avoid  a  suj>er8aturatecl 
solution,  the  mixtttre  should  next  be  set  aside  for  twenty-four  hours 
at  normal  temj>eniture,  and  <x*easionally  stirred  willi  a  glass  rod, 
the  sides  of  the  tul>e  or  Mask  being  als4j  rubljcd  with  the  rod. 
The  solution  thus  obtained  is  |)assed  through  a  small  dry  filter  iuto 
a  tared  glass  or  poreelain  dish,  and  weighed;  after  evaf>oration  to 
dryness,  the  residue  is  carefully  weigheif,  when  the  diHercmee  be- 
tween the  weight  of  the  solutitm  and  that  of  the  dry  residue  repre- 
sents the  weiglit  of  solvent,  and  from  this  the  ratio  of  solubility  is 
ei«ly  calculated.  Example:  Suppose  the  clear  filtrate  weighs  10.5 
Gm.  (or  \Vj2  gniins)  and  the  dry  residue  therefrom  1.125  Gm,  (or 
17.36  grains),  then  the  weight  of  the  solvent  must  be  9.375  Gm. 
(or  144.04  grains),  and  the  sul>stance  under  examination  is  soluble  in 
8.33+  parts  of  the  licpji<l  useil,  for  iK37o-4-lJ2o  or  144.t>4 -^ 
]7.3t;=8.33+. 

The  drtermination  of  the  solubility  of  a  substantt^  at  tern |K*nitii res 
abiwe  the  n(»rmal  lKH^)mc^  more  difficult  on  account  of  the  loss 
incurre<1  during  the  fitrration  of  hot  li([uids  by  ordinary  methods. 
Dr  Charlcii  Kiee  has  devise<1  a  very  ust*ful  and  simple  apparatus, 
calle<1  l>y  hini  a  lysimeter  (iVoru  the  (Jret^k  >*cf*:,  M>lution),  which 
enables  the  operator  to  obtaiu  a  clr^r  filtrate  without  any  loss  what- 
ever, even  at  the  boiling  temprature  of  liquids.  Fig.  92  shows 
the  construction  of  the  lysimeter,  which  consists  of  a  glafi^  tui>e, 
a,  15  centimeters  (6  itiehes)  in  length  and  1  centimeter  ( if  inch)  in 
external  diameter,  provided  at  one  end  with  a  welhground  stop|>er, 
0,  while  the  other  end  is  cup-sliamd,  there  Iwing  a  ix>utracted  neck 
l)etwe(*u  the  cup  and  the  main  tuT>c.  Into  this  cup  is  made  to  tit  a 
carefully  ground  glass  bell,  e^  having  a  small  |>crforation  in  ltd 
bottom,  af4  shown  in  /;  there  ii»  also  a  stopper^  /i*  which  is  mrefully 

*  which  is  insertetl  after  the  giaas  bell^e^ 
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Wlien  usiog  the  appamtns  it  is  uc^eessan'  to  provide  sufficient 
liquid  to  allow  at  lea^t  oue*half  of  tlie  tiilje,  a,  to  be  immersed  ; 
bciiker  glasses,  or  preferably  wide  tcst-tiibet*,  may  be  used  for  effectt- 
iug  the  solution.  8up|)ose  it  is  detained  to  ascertain  the  solubility  of 
a  hubfetaoct'  in  boilintr  al(»ohol.  The  fullowing 
is  the  plan  of  procedure :  Insert  the  stopper, 
e,  into  the  tube,  a,  and  into  tlje  en|>-shape*l 
end  insert  the  glas?^  bell,  c\«>ntaining  a  pleciget 
of  purified  cotton,  and  secured  in  plaw  by  a 
thin  platinum  wire  passing  around  the  eoii- 
traetefi  neck  and  over  the  mouth  of  I  he  bell. 
SufHelent  alcohol  having  been  put  into  a  wide 
tei*t-tul>e  or  a  linker,  the  same  is  luxated  in  a 
water-bath  and  the  finely- powdere^l  substance 
nddei]  until,  after  boiling  has  contituied  for 
!*ome  time,  a  portiou  of  the  suhstau<'e  remains 
undissolved.       The    ly  si  meter,     prepared    as 

1h»vu  iliruetKl,  is  now  inserted  into  the  liquid, 

m\  wbtii  the  tulx-  has  assumed  tlie  tempera- 
lure  of  the  lH>ilintr  liquid  the  stopper,  e,  is 
removfHi,  which  allows  the  solution  to  filter 
through  the  j^letlget  of  cotton  and  rise  in  the 
tul^e  ^s  tar  aft  the  quantity  of  fluid  will  per- 
mit.  If  the  filtered  solution  be  allowed  to  flow 
liaek  througli  the  eott»m  onw  or  twice,  greater 
unitbrmity  of  the  liquid  will  be  insured.  The 
stopper,  c,  18  DOW  reinserted,  the  apparatus 
witlidrawn  from  the  li<]uid  and  turnecl  upside 
down  to  allow  the  IxOl,  r,  to  Iw  n^moved  and 
the  ^topper,  6,  to  lie  insert t^l  in  its  place.  The 
stopjK^re<l  tuV)e  is  iiirefully  oleaned  externally 
by  washiug  with  alcohol,  and  laid  aside  until 
ki.     The  tare  of  the  stoppered!  tulie  having 

iTeviously    been  ascertained,   the  increase*    in 

eight  must  re|>rci^eut  the  weight  of  the  sohw 

ion  (*ontaine<i  th<Tt>in*  After  transferring  the 
^Itilton  t*i  a  Uirvd  rn usule  or  l>eaker,  the  tube 
\h  ttirefully  rinsed  witli  a  lectin  il,  and  the  wash- 
ings addetl  to  the  contents  uf  the  ciqisule  or 
hieaker;  the  golutitm  is  slowly  evu|K»ni ted  on 
a  water-lMth,  and  afterward  heate<l  to  clryuess 
in  a  drying  uven,  when  the  wt'ight  of  the 
residue  will  indicate  the  weight  f»f  I  he  dis- 
ftolvcfl  sub^ance.  an*!  subtnieting  this  from  the  weight  of  the  Siilution 
gives  the  weight  of  alcohol.  From  tht^si*  data  the  ratici  of  solubility 
is  adcnilfiteil  in  thi*  manner  already  explained  in  tfie  example  given 
ford  Itiliility  at  nciruiul  tenqieratujv. 

IvMi  i  ">n  of  Sidid  bfMlit's  h  aIwa\H  artvunpnuuil  fu  n 
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fall  in  tem|K»niture,  while  a  solution  of  gases*  causes  a  rise  in  tern  pern- 
tiirv  ;  these*  jilienoniena  are  in  accoitlance  with  the  laws  governing  the 
Btate  of  aggri^atioD  of  bodies*  Solids,  for  the  assumption  of  the 
fluid  stat^%  require  a  certain  aniouot  of  heat,  which  is  withdrawn  from 
the  surrounding  liquid  and  becomes  hitent,  wliile  gases  when  cr>n- 
denying  to  liquids  give  out  an  amount  of  heat  corresponding  to  that 
required  tor  tlie  gaseous  state.  Four  ounces  of  annnoniuui  nitntte  or 
potaasiuni  iodide  rapidly  shaken  in  a  bottle  witli  two  ounces  of  pun* 
water  will  produce  sufficient  cold  to  tHjndense  the  moisture  of  tlie  air 
on  the  outside  of  tlie  bottle  and  freeze  it  into  thin  sheets  of  ioe. 

SATL'RATEn  SuLiJTioNs,  in  a  pliarmawMJtical  sense,  are  sut^li  as  can- 
not take  up  any  more  of  the  dissolved  bcxly  at  urdiuary  temj>eratuit?, 
in  other  words,  the  solvent  Iia8  become  charged  with  as  much  srjinble 
matter  as  it  is  ca|jable  of  retaining  in  intimate  union  at  the  ordinary 
tenij^eratun^  The  statements  of  ratio  of  solubility  in  the  Pharma- 
cf>p<eia  and  elsewhere  always  refer  to  the  formation  of  saturate*!  sola* 
lions  at  the  temperature  nameil  ;  thus  the  official  statement  that  cane 
sugar  is  soluble  at  15*^  C.  (59"^  F.)  in  h  part  of  water  and  175  |>arts 
of  akHjhol,  in  ^  part  of  boiling  water  and  28  part-*  of  boiling  alcohol, 
inimns  that,  with  the  profKirtions  of  water,  and  alcohol  named^  sugar 
forms  saturated  solutions  at  the  temperatures  indicated,  Supi*r- 
saturated  solutions  are  those  in  which  the  solvent,  by  artificial 
means^  has  t>een  made  to  take  up  more  of  the  soluble  matter  than 
it  is  capable  of  retaining  under  ordinary  cii'cumstiin<^s  j  tliey  art* 
very  unhtable  and  prci^ent  a  p*ijuliar  tNvmlitiiiu  of  Holubility.  Lf 
three  |mrt8  of  fio«iium  sulphate  Ix*  di8s<ilve<]  iu  one  part  of  y^nter 
at  30^  a  (86°  F.),  tlie  solution  csirefully  tiltered  into  a  jierfectly 
clean  dry  bottle  free  from  dust,  and  allowed  to  cool  down  gradu- 
ally, it  will  remain  clear  as  long  as  it  is  not  disturbed,  altnough 
sup€'rsiituraled,  since  water  at  15°  C  (59^  F.)cau  dissolve  only  aixittt 
rme-third  of  its  weight  of  the  salt;  but^  if  the  bottle  containing  the 
supcrsatunited  solution  Ix^  shaken,  or  a  little  broken  glas**  1»e  intro- 
diKitl,  the  whole  contents  will  -suddenly  congeal  to  a  cry  si  al  line  mas*- 
SiitnmtiHl  wlutions  of  salts  are  freffuently  eapable  of  dissolving  other 
8atts,  iind  thus  may  l>e  ush]  for  |>urposes  n(  [Mirifinitioii ;  if  p(»tassiiini 
tiitrate  U:  treated  with  a  saturated  aipieous  $^olution  of  the  same  salt 
no  more  pota>sium  nilnite  cini  be  lakcn  up^  but  impurities  pn*sc*flt 
will  enter  int<»  solution  and  are  thus  removed. 

Tlie  efUvt  which  the  presence  of  one  snbslanee  may  Imve  ujmn  the 
solubility  of  another  is  intcrey^ting  as  well  as  of  pimtical  value  in 
pharmacy;  fret^uently  the  incnntse<l  s(»lubility  thus  produced  is  due 
to  a  cheraic!al  reaction  lietwi^*n  the  two  substance^*.  Thus  corrosive 
sublimate  is  far  more  S4iluble  in  water  in  the  presence  of  alkali 
ddiiridra,  and  nt]  menniric  i(^ide  in  t*eadily  diss(»lved  in  a  Bolutiou 
of  [HitasBium  iiMJlde;  in  Ixitb  eanes  union  takes  place  between  the 
inemiric  and  alkali  salts.  The  iuereaned  solubility  of  potassiuta 
chlorate  in  the  presetiee  of  <HKlium  bicarbonate  is  well  kn 
mutual  deeom|xiiitioo,  no  doubt,  result^i — ^tbe  newly  formed 
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lium  clilonite  arul  |iotassiuiii  bicarbonate,  requiring  only  U  part 

^lincl  3.2  parts  of  water  at  lo"^  C.  (59^'  F*)  respectively  for  solntioa, 
as  agaiu&t  1G7  and  11.3  parts  for  the  original  salts.  Ordinarily 
iodine  refjuires  abont  5000  parts  of  Avater  for  solution,  but  if  mixed 
with  twice  its  weight  of  potassium  iodide,  will  readily  dissolve  in 
20  times  its  weight  of  water.  In  this  csme  no  chemical  union  takes 
place,  as  the  iodine  has  every  appearance  of  being  dissolved  but  not 
combined  ;  it  retains  its  characteristic  color  and  ixfor,  and  if  the  solu- 
tion be  heated  in  a  test  tube,  the  iodine  can  Ije  completely  volatilized, 
a  portion  resublimiog  in  the  cooler  part  of  the  tube  in  its  original 
(H^ndition. 

Since  rapid  simple  solution  causes  a  deeiderl  fall  in  temperature, 

■advantage  is  taken  of  tlic  fact  that  some  substances  l»asten  the  lique- 
faction of  othei'S  in  the  prmluetion  of  so-called  freezing-mixtures ; 
thus,  o  parts  each  uf  ammonium  chloride  and  potassiimi  nitrate  dis- 
solved in  19  parts  of  water  will  cause  a  drop  in  temperatui-e  of  20** 
C.  (36°  F.) ;  a  mixture  of  2  parts  of  snow  and  3  partH  of  crystallized 
calcium  chU»ride  will  cause  the  temperature  to  fall  from  0"^  C.  (32"^ 
F,)  to  — 15.5^  C.  ( — 50*^  F.)  and  fi^eeze  mercury  ;  the  usual  mix- 
ture for  icc*cream  freezers  consists  of  salt  with  twice  its  weight  of 
snow  or  crushed  ice,  which  produces  a  temperature  etiual  to  alK>ut 
— 20®  C  ( — 4°  F.),  the  cream  in  the  cylinder  fi-eezing  oy  reason  of 
the  great  abstraction  of  heat  necessary  for  the  rapid  liquefaction  of 
the  ice  and  snow  surrounding  it — not,  as  some  persons  imagine, 
Emse  intense  cold  is  imparttnl  to  it  from  the  outside. 
Jjydrous  salts,  that  is,  salts  completely  deprived  of  water,  \rill 
frcNjuently  cause  a  rise  in  temperature  when  brought  into  solution  ; 
the  h^t  thus  generated  must  be  looked  upon  as  due  to  chemical 
action  caa-^ed  by  the  water  in  restoring  the  anhydrous  salt  to  the 
crystallized  stale.  If  crystallized  sodium  t*arbonate  be  shaken  with 
svic*^  itH  weight  of  water  a  marked  fall  in  temjM^mture  will  l>e 
noticed,  whereas  anhydrous  sodium  carbonate  shaken  with  twi(?e  its 
weight  of  water  causes  a  rise  in  tcrai)eratnre,  thus  proving 
the  correctness  of  the  preceding  supposition.  Wlien  liquids  are  dis- 
alved  in  other  liquids^  no  change  c>f  temperature  will  occur  in  the 
lixtnre  unless  contraction  of  volume  takes  place,  as  in  tlie  t*ase  of 
llcohol  and  water  or  sulphuric  acid  and  water. 

The  simplest  way  of  effecting  solution  of  solids  is  to  bring  them 
in  the  form  of  powder  into  cc»ntact  with  the  solvent  in  such  a  way 

ftimi  frequent  agitation  of  the  mixture  is  possible ;  for  saline  and 
imilar  substanc**^  a  porwlaiu  or  Wedge w^ood  mortar,  which  admits 

'of  ftctivi'  trituration,  is  In'st  adapted.  Considerable  saving  of  time 
may  Ik*  ctftH^ttMl  in  the  solution  of  larger  quantities  of  solids,  if  the 
|H>wdere<l  substance  k*  rei>eate<lly  trituratal  wMth  fresh  portions  of 
the  solvent,  eiich  [Hirtion  of  solution  l>eing  |K)ure<i  otf  when  saturateiL 
Small  quantities*  of  readily  soluble  substances,  such  as  pot^Lssinm 
iodide  and  bromide,  silver  nitmte,  zim*  sulphate  and  the  like,  may  he 
lilaa-tl  tlirectly  in  a  bottle  with  the  solvent,  and  the  mixture  agitated 
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until  [lerfect  solution  results.  Some  substauces,  of  h^'gru^eoine  <»r  f!^* 
liqueea^nt  charuott'i',  aiH3  prt?(brably  not  rftlm^  to  powder  before  mW- 
iag  the  solvent,  in  order  to  avoid  ag^dutiimtion  ;  &uch  aivthe  otKrial 
scale  salts  of  iron,  wliieh  will  dissolve  more  sjieedily  if  shaken  with 
water  in  s^eale  form  than  iu  fine  powder.  Whenever  heat  muht  be 
employed  fur  small  operatiojis  of  tiolution,  a  glass  flask  will  l>e  found 
more  desirable  than  a  dish,  as  evapomtiou  of  the  s^jlvent  will  \yt 
retarded,  and  consequently  the  boat  Ijeconie  eoneentrated  in  the 
vessel.  Suhuions  of  Jsohdsare  known  to  be  den5<_r  tban  the  solvents 
used  in  preparing  ihem,  and  advantage  is  frequently  taken  of  tliis 
(act  to  facilitate  the  solution  of  large  quantities  of  solid  substauees, 
or  of  such  as  are  liable  to  form  viscid  solutions,  or  where  stirring  or 
agitation  is  iiujuacticablc,  by  what  is  commonly  known  as  rlrcuUitonf 
dhntlacrment ^  whiclj  consists  in  suspending  the  sulubie  matter  jufet 
below  the  sin*face  of  llic  solvent,  either  on  a  j>orous  diaphragm,  in 
a  bag  id'  U»osely  texturcil  chith,  or  in  a  jK'rforated  vessel,  wliich  should 
l>e  moved  alniut  from  time  to  tin»e.  By  this  arrangement,  tliat  jK^r* 
tion  of  the  solvent  least  charged  witli  soluble  matter  is  always  in 
contact  with  the  solid,  and  as  the  solution  Uvomes  saluratetl  it  sinks 
to  the  b«>ttom,  displacing  the  }K»rtion  less  (*harged  with  tlie  solid, 
which  rise's  to  the  surlat*e,  and  thus  a  continual  ciivulation  or  nysteni 
of  currents,  favon\ble  to  rapid  solution,  is  kept  up  in  the  fluid. 

PEIlcENTAtiE  8<jHitR)NS.  Tliis  term  is  applit^  to  solutions  of 
definite  strength,  containing  a  specitied  anu>nnt  of  s<jluble  matter 
in  one  hundred  parts  of  the  solution  :  for  solids  and  gases  ]>en'entage 
solutions  should  always  be  prepared  by  weight,  wliile  for  liquid 
substances  eitlier  weight  or  volume  may  be  employed.  The  nuantity 
of  soluble  substance  and  solvent  net*essary  to  make  a  spei'ified  quan- 
tity of  any  juarticular  percentage  solution  may  t>e  readily  asc^ertainiHl 
by  tht*  f*  allowing  rule:  Midiipltf  the  (puintUy  of  sol  tit  ion  dmrfd^  in 
yrmavuH  or  tjralnH^  hif  ilw  number  f^xprrstting  the  pfrrtnluf/f\  thrUlr  tk^ 
jtrodaci  hy  100,  and  thr  quotient  will  intlivate  the  qtuintdy  of  ^oluhlt  tml^ 
Mtance  neceHHary;  Hubtraet  thin  from  the  total  quantity  oj  solution  datittdj 
and  (he  remainder  will  indicate,  the  necessary  quantity  of  Holrmt, 

Examples  :  Wanted  500  Gm,  of  10  \wr  cent,  carbolized  oil  :  500 
X  10  =  50<J()  and  oOOO  -:-  100  =  50 ;  500  —  50  =  450.  Answer : 
Dissolve  50  tim*  of  crystal  I  i/.c<l  carlxilic  acid  in  450  Gni.  of  olive  ail. 

Wanted  750  grains  of  4  j)er  tM?nt,  coc^iiine  hvdrochlori*lc  solution  ; 
750  X  4^  3000  and  3000  -^  100  :^  30;  750  —  30  ^  7'iO.  Answer: 
Dbaolve  80  grains  of  CKXtiinc  bydnx'hioride  in  720  grains  of  distilled 
water 

Wanlnl  640  dm.  of  2  ]wr  cent  menniric  chloride  sohition  :  640 
X  2  ^  1280  mid  1280  ^  ItX)  =  12.8;  04u  —  12.^=^027.2. 
Answer:  12.8  Gm.  uf  mercuric  cJdoride  must  Iw  dissolved  in  627.2 
(im,  of  <listillc<l  water. 

Wanted  4H0  grains  of  20  jwt  «>eur,  quinine  ideate:  480  X  20  - 
1»*><X>  anci  <»600  :  im  ^  IK> ;  4MU  —  IMi  =  884.  Answer:  Diftiiolve 
W  grain;^  of  ipiinine  alkidoid  tu  384  grains  of  oleic  acid. 


[>nietiiiu's  a  {KTct^iitage  gfjlutioii  of  twu  or  three  suhBtauces  is 
mU%i ;  ill  such  a  case  I  lie  absottite  ([Uaotity  of  each  active  inji:re- 
dienl  is  first  ascertained  Liy  the  rule  given  above ;  the  euni  of  their 
weights  i«  then  subtraete<l  from  the  total  quantity  of  sol nt ion  d<  sired 
to  find  the  necessary  weight  of  the  solvent;  for  instance:  Wnnttil 
24i>  trrains  of  8  jkt  cent,  cot-aine  hydnx^hloride  solution,  containing 
also  2  per  cent,  of  boric  aci<I :  240 '  -  M  =  1920  aod  1920  -^  100  = 
19.2 ;  240  X  2  =  480  and  480  -  lOO  =  4,8  ;  19,2  +  4.8  ^  24  ; 
240^ — 24^216.  Answer;  Dissolve  19.2  grains  of  <x)eaine  hy- 
dnM'hloride  and  4,8  grains  of  boric  acid  in  216  grains  of  di^tiHe*! 
water. 

When  a  definite  volume  of  a  weight  percentage  solution  is  wanved| 
tlie  quantity  nearest  in  vohune  to  tliat  re^iuirtHl  must  be  made ; 
aftliougli  tills  sometimes  involves  a  slight  loss,  there  is  no  other 
niethod  known  if  accuracy  is  to  be  preserveiL  Thus,  if  2  fluidmclims 
of  a  4  per  cent,  solution  of  any  soluble  eheniieal  are  wanted,  5  grains 
of  the  substance  must  lie  dissolved  in  120  grains  of  water;  the  125 
grains  of  solution  will  measui-e  slightly  moi-e  than  2  tlnidraehms, 
but  the  exci'ss,  which  is  slight,  can  be  rejected.  If  8  fluidouuces  of 
n  10  per  cent,  solution  are  wautwlj,  4100  grains  of  solution  must  be 
made  by  using  410  grains  of  the  mwlicinal  agent  and  H690  grains 
of  water;  8  tlnidonn^'cs  of  water  weigh  3*)4(j  grains,  hence  the  ex- 
cess of  sohit  Ion  will  not  l»e  large.  If  a  quart  of  1  per  cent,  mercuric 
chloride  siilution  is  desire<],  15,000  grains  of  solution  niu!?t  Ix*  made, 
a»  the  weight  of  a  quart  of  water  is  1 4,583  grains,  which  is  only 
2H7  grains  less  than  the  quantity  of  water  necessar}' ;  150  grains  of 
mercuric  chloride  dissolved  in  14,850  grains  of  water  yield  only  a 
little  over  J  fluidounce  more  of  the  solution  than  is  waute^L  It 
50O  Ce.  of  a  5  jwr  cent,  solution  are  desired,  530  Gm.  of  the  solu- 
tion must  be  made,  the  excess  of  solution  being  4.5  Cc,  for  5  per 
cent,  of  530  is  2H.5,  and  as  each  Oc.  of  water  equals  1  Gm.,  580 
—  26.5  =  504.5.  When  solvents  other  than  water  are  used,  ha\nng 
a  higher  or  lower  specific  gravity,  due  allowance  must  be  made  for 
this  fact,  as  als^j  when  strong  solutions  of  8ul)8tances  likely  to  increase 
the  volume  arc  to  l>e  prepai^ed. 

The  liquids  used  as  solvents  or  menstrua  in  pharmacy,  are  water, 
alcohol^  ether,  vinegar,  glycerin,  and  occasionally  fixe*I  and  essential 
oils  ;  each  of  these  fluids  has  a  specific  action,  and  their  use  gives 
rise  to  different  classes  of  solution  designated  as  infusions,  tinctures, 
wines,  etc.  Wafer  is  more  extensively  employed  than  any  other 
s<»lvi*nt ;  nearly  all  the  salts  of  the  alkalies,  earths,  and  metals  are 
diss4>lve<l  by  it,  together  with  a  large  number  of  vt^table  acids  and 
the  salts  i»f  the  alkaloids.  Akohol  is  an  excellent  solvent  for  vt»ge- 
table  8utistajices,  Auch  as  renins,  volatile  oils,  ghicosides,  and  alka- 
loids ;  it  also  possesses  valuable  negative  properties,  since  it  does  not 
dissolve  gum,  starch,  and  albumen,  which  iraj>,nr  the  stability  of 
aqueous  solutions.  The  combined  solvent  p(»wers  ot  ulcohid  and 
LWater  are  utilized  in  the  form  of  diluted  alcohol  and  wine  as  a  men- 
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St  run  in  tor  numerous  Iir[uid  ve^(»tahle  preparatioas,  Tlie  use  of 
Ether  if*  ooijfin<jd  to  solutions  of  fixed  oils  an  J  fats,  volatile  oils  and 
resins,  aud  a  few  alkaloids  aud  neutral  principles.  Gfycerln  is  chieHy 
employed  to  insure  the  permaneney  of  vegetable  solutions  when  the 
u«e  of  alcohol  is  contra-indicated ;  it  is  also  an  excellent  solvent  for 
the  timnlns,  [>epsin,  aud  some  mineral  salts  and  vegetaljle  aciils, 
and  forms  the  basis  of  a  valuable  class  of  solutions  known  »s 
ffilfceriiefi. 

Complete  solution  is  geoerally  aime<l  at  in  pharmacy  in  the  caae 
of  inor^nie  solids,  but  is  fretjueutly  impossible  wiUi  sulxstaaces  of  | 
vcjsjji^table  origin. 

The  prooi?8s  of  ti-eating  a  mixture  of  soluble  aud  insoluble  mineral 
substances  with  solvents  whieh  only  partially  <lissolve  them  is  termed 
lixmation  or  leechhu/y  and  is  extensively  iiraetisetl  in  the  arts ;  as  an 
example  may  l>e  citetl  the  leeching  of  aslies  of  wotxl  and  marine 
plants  tor  the  purpose  of  dissolving  out  the  alkali  ciirlK)nates,  imlides, 
etc.  The  various  nietluxls  of  partial  solution  applied  to  mixtures  of 
soluble  and  insoluble  vt^etahlc  matter  are  usually  comprised  under 
the  general  term  '*exti'action,-'  but  have  i'eccive<l  s{>ecific  names,  sucU 
tts  infusion,  decoction,  matM.^ration,  digestion,  and  jjereolation. 

The  process  of  Infusion  is  uinlerstood  tu  represent  tlie  soKnnit 
action  of  boiling  water,  on  vegetable  drugs,  during  the  time  occupied 
in  cooling  ;  it  may  lie  varied,  as  to  a  longer  or  shorter  peri  oil  of  tinir, 
aoconling  to  the  d^^ree  of  extract ibility  of  the  principles  to  Ik*  di.**- 
solved,  and  shotild  alwavs  U'  conducted  in  closed  vessels.  The  sub- 
stance lo  lie  infustxl  sfiould  he  in  a  coarse  state  of  division  and 
pretVrably  stisjK'uded  in  the  liquid.  JJecocdan  i^jjresents  the  solvent 
action  of  fluids  at  their  boiling  temperature^  and  is  cxmfined  to  drugs 
not  yielding  their  active  virtues  at  a  lower  temperature  and  where 
no  liifis  of  volatile  principles  need  be  feiired.  Mac^raHon  consists  in 
subjecting  a  mixture  ot^  soluble  and  insoluble  matter  in  a  divide<l 
atate  to  tne  solvent  action  of  fluids  at  the  common  terapcratun?  fur 
»uch  length  of  time  as  may  be  necessary  to  insure  complete  solution 
of  the  principles  sought  ;  the  pnx^ess  must  be  conducted  in  well- 
clotkiJ  vessels,  and  the  contents  must  be  well  shaken  at  least  ouch*  in 
twenty-four  hours.  Frefpient  agitation  is  essential  if  complete  ex- 
tmetion  of  soluble  matter  is  to  lje  insured  by  maceration,  as  otlier- 
wisa  a  di*ns<'  layer  of  a  concentrate*!  solution  will  soon  envelop  the 
material  and  pn*vent  the  solvent  action  of  the  menstruum  from  l»eiug 
etttHtive ;  heucf*  only  a  small  proportion  of  the  scjkible  constit* 
ueutu  will  be  taken  up,  as  may  be  readily  observed  in  the  slight 
color  and  odor  of  the  supernatant  liouid^  if  a  mixture  of  asafetida 
and  alcohol,  or  of  opium  and  water*  lie  set  aside  for  a  week  wUhoni 
agHaiion,  from  nuK*eration  only  in   the   higher 

di^ree  of  V     ;  -  >yed,  it  lx»ing  constant  during  the  pro* 

oeiBt  the  nae  of  which  is  confined  to  sulistnnc*es  of  very  close  texture. 
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PERCOLATION. 


pERttiLATiox,  or,  as  it  is  sometimes  tulled,  displacement,  is  beyond 
doubt  the  must  important  metbml  of  solution  or  extraction  in  the 
hand^  of  the  pharmacist.  Tlie  term  |3ercolation  (from  the  I^atin 
^^onh  per  and  (.-o/o,  meanin>^  to  s^train  or  trickle  tlirongh)  may  lie  de- 
fined as  a  prtMX*ss  whereby  the  soluble  conBtituents  of  vegetable  drugs 
are  extracted  by  allowing  the  menstruum  tc*  |>ermmte  a  column  of 
the  (iQwdei'ed  materia  I,  the  saturated  solution^  as  fast  as  formed,  being 
n-moved,  thuscoutinually  presenting  fresh  solvent  to  the  drug.  The 
ap^iaratns  in  which  the  pnKTs?  is  carried  on  is  known  as  the  _^'c(h. 
ifjUttr  the  solution  obtaineil  as  the  fjcrcolaie^  and  the  residue  of  insol- 
uble matter  as  the  jnurc. 

Although  the  idea  of  solution  by  jjeroolation  did  not  originate  in 
this  country,  its  present  improved  and  general  application  is  due 
entirely  to  American  enterprise  aud  ingenuity-  The  fir8t  attempt  to 
extract  soluble  matter  from  powdt^rt^l  drugs  by  alhnvinga  menstruum 
to  exert  its  solvent  action  during  its  |>assage  through  a  I'olumu  of  the 
material  was  made  l>y  (/mint  livn\  m  the  early  part  of  the  present  cen- 
tury, tfie  [)rinciple  involve<l  Wing  about  the  same  as  that  utilized  by 
1 1  le  F  re  u  ch  i  u  the  p  i'e|>a  ra  t  i  o  1 1  o  f  t  he  i  r  wo  r  1 11  •  re  no  w  n  ed  cotfee.  In  1833, 
M.  B4inllay,an  entert>ri?9iug  Frei»ch  pharmacist  iHansidcrably  miKlified 
the  plan  of  Count  Real,  and  in  a  series  of  carefully  conduct^**!  ex|>cn- 
ments  demonstrated  the  ailaptabilily  of  the  proce?-8  of  percolati<m  to 
the  i^xtniction  of  vcgetalilc  drugs.  So  c<iuvinciug  were  the  results  of 
his  investigatiiuis  tliat  Prof  Procter  and  A.  Duhamel,  prominent 
American  pharmacists,  Ixx-amc  d<^ply  interested  in  the  work,  and  in 
1M39  strongly  ad v(K»a ted  its  adojitiou  as  a  method  of  extraction  sujie- 
rior  to  others  known  at  that  time.  Although  the  proce^  of  perctdation 
was  HH'ognizc^l  in  the  Uniteil  States  Pharmaeopieiasof  1840  and  1850, 
it  did  not  meet  with  the  genera!  favor  sirict?  acct»rded  it  until  Prof, 
Israel  Cirahame,  of  the  Marylaml  College  of  Pliarmacy,  in  1858,  sug- 
gedted  some  valuable  improvements,  which  letl  to  better  results  than 
had  yet  l)een  obtained.  To  Prof.  Grahame  l)elongs  the  cit*dit  of  first 
^advocating  the  use  of  powders  of  uniform  degiY^  of  finene^s  as  well 
the  pro|)er  moistening  of  the  jxiwderKl  drug  with  a  sufficient 
f|nantity  of  the  mensiruum  l)efore  |>acking  it  in  the  jHTcolator,  both 
of  which  suggestiouB  ai*e  now  considered  indis|>ensable  to  successful 
percolation  :  at  the  §iame  time,  the  use  and  advantage  of  a  common 
funnel  for  the  percolation  of  many  drugw  was  j)otnte<l  out.  The 
lulvAntagc  of  properly  moistening  the  |)owdered  drug  before  packing 
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will  be  rea(Jily  undenstood  when  it  is  considered  that  the  material  to ' 
Im?  ofK>rate<i  upon  i-!  not  a  mere  raeelianicjil  mixture  of  sohihle  and 
insoluble  matter,  but  that  the  hohible  })rineii)lps  to  be  extra<*te<l  art* 
intimately  held  or  enclosed  by  the  insoluble  ceUular  tissue,  and  that 
|:)enetration  of  the  tissue  by  the  menstruum  is  necessary  to  effect  solu- 
tion ;  the  saturation  of  the  powder  with  the  licjuid  prepares  the  mn- 
stituents  for  I'cady  soluttciu  and  estfibb she's  an  affinity  between  th<* 
cellular  contents  and  the  fre^h  menstruum,  enabling  the  latter  to  per- 
meate the  cells  by  osmotic  action.  If  ttie  menstnium  is  brought  iu 
contact  witli  dry  powder,  absorption  of  the  former  either  takes  place 
very  slowly  or  is  entirely  interfered  with,  Just  as  dry,  hard  sponge 
resists  the  entrance  of  water  for  a  long  time ;  the  original  moist  con- 
dition of  the  drug  Ijefore  it  wiis  p<jwdered  must  therefore  be  re- 
established before  the  nienstruum  can  exercise  its  power  of  extraction. 

The  principle  underlying  the  protvss  of  j>ercr)lation  may  Ix'  8tatc<l 
as  follows:  A  solvent  or  menstruum,  poure<i  on  the  fop  of  a  mass  of 
powder  consisting  in  jiart  of  soluble  matter,  supportKl  on  a  porous 
diapliragm  in  a  cylindri<3al  or  conical  Vi>sel,  descends  from  layer  tc» 
layer  by  reason  of  its  own  gravity  and  the  pressure  of  th(*  sn|>eriti- 
cural)ent  liquid,  penetrating  the  particles  tif  powder  by  reason  of 
surface  a<'tion,  and  exercising  its  solvent  power  on  each  suct^essive 
layer  until  its  j)ower  of  solution  is  exhausted,  after  which  it  eontinite» 
its  downwanl  flow,  as  a  satunitcsl  solution,  into  the  receiving  vessel 
below.  Tliis  |»roceHS  continue?*  until  all  soluble  constituents  ha\^ 
been  remov*^!  from  the  powder^  the  dt^reiidini:  meuHtrnum  l)e<x)ming 
IcKS  and  less  charged  with  extrartive  matter.  To  insiuv  sucli  c^implete 
extraction  it  is  absolutely  necessary  that  tlie  material  operated  npoit 
fihall  Ijc  in  a  uniform  jxiwder  and  that  the  capillarity  or  jxjrosity  of 
the  masa  l>e  not  interfere*  1  with  in  any  way,  so  that  tlie  desi'cnt  of  the 
menstruum  may  be  slow,  even,  and  regular  from  one  horizontal  layer 
to  the  next, 

hitfcrcnt  sty l(»s  of  percolators  have  been  i)ropoK'd  at  various  times, 
and  as  drugs  vary  in  tlicir  nature  and  nxfuire  diflereut  treatment  to 
yield  different  preparations,  the  pharmacist  must  l)e  supplietl  with  a 
variety  of  percolators,  from  the  conical  shape  of  the  onlinary  funnel 
ti)  the  nearly  cyliudricuL  I'he  t*hoia»  of  jiennilator  ile]>euda  largely 
ujion  the  i'hanitiiT  of  the  |n*riHdate  to  lx»  obtained,  and  also  ujion  tlie 
naltjrr  r»f  tli**  drug;  for  instance,  if  a  very  strong  solution  is  to  he 

Jire|inrt'<l  with  a  miiiinmni  quantity  of  nieostnuim,  a  narrow  cylin- 
Irieal  pn-olatt^r  is  piiL'fenable,  m  that  the  solvent  is  made  to  jiass 
thnmgh  a  lon^^  column  of  the  drug  and  thus  l)ecome  thoroughly 
sattjnited  ;  a  cyliudncjil,  or  only  slightly  taj>eriug,  j^ercolator  is  also 
indi<!ateil  w*hen  the  menstruum  is  strongly  alcoholic,  or  when  ether 
or  some  other  volatile  liquid  is  use^l  for  extm<*tion*  Figs*  03  and  1*4 
represent  two  very  usetui  pert*olators  for  the  preparation  of  fluid 
extracts  and  tinctures.  If,  on  the  other  hand,  the  quantity  of  drug 
to  be  extracted  is  small  in  proportion  to  the  menstruum,  ns  in  the 
majority  of  ofticial  tinctures,  n  wider  (percolator,  of  the  shape  and 
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tvle  rfiown  m  Fig.  9»%  may  be  used,  in  wliicJi  the  liquid  will 
reverse  the  eolunm  of  drug  more  rapidly  and  yet  be  iihle  to  exhauj?t 
It  tharonghly,  owing  to  the  larger  amouut  of  meustruura  at  the 
disjK>8jil  of  the  opemtor.  When  drugs  such  as  gentian,  sgnega^ 
rhubarl>»  orantc^'peel,  and  others,  which  have  a  tendency  to  swell 
(HmHiderably,  particularly  with  aqueous  or  fe*-*bly  alcoholic  men- 
strua, are  to  l>e  ijercolated,  a  cx>mnion   funnel   will   often  be  found 
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advantageous  on  m^HMint  of  the  ample  allowafue  for  lateral  expan- 
«iun  of  the  moist  drug.  The  si/e  of  the  percolator  selected  should 
Im»  in  pn>iK>rli*in  tt»  the  cpiantity  of  drug  to  Ik?  extracted;  when 
pro^KTly  imckHi  in  the  percolator  the  drug  should  not  ixxnipy  more 
tlum  twivlliinis  of  its  height. 

Tlif  c*omnjon  tin  |H*itn^lator  (Fig.  i»»>)  consists  of  a  cylinder  vary- 
ing in  nizi?  and  tapering  somewhat  toward  the  funnel-j^hapcd  end, 
j>rovidc<l  with  two  perforated  diajibragms  fitting  loo^*ly  into  the 
cylindrr,  the  lower  of  which  bhould   l)e  more  finely  perfonittHl  than 
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I  lie    tipper.     The   H(ajK^iM>k   in    the  neck  of  the  funnel   *^rve« 

double  pur|M>sf  af  allowing  iimeeratiou  for  any  desiretl  j^riod   an 

of  enabling  the  operator  to  regiiUite  the  rate  of  flow  of  the  pei*colate. 
Tin  iiei'colators  cannot  be  used,  however,  for  any  drugs  containing 
jvrinciples  liable  to  be  affected  by  metal,  ur  to  be  exhausted  with  acid 
uienstriia. 
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For  jw*n^olation  with  very  volatile  liquids — t*tl»er,  chlorofontif 
and  the  like — a  siieoially  eoni^trnct^xl  |)erc(>lator  mu.'^t  l>«*  iisi-^l  (see 
Fig*  07),  in  which  proper  proviBiou  is  made  U\  pi'evmt  lostt  of 
nifni^trunm  and  to  cfitablish  mmnuuiication  iK^ewn-n  the  vt^ssel 
intended  to  itn^eive  the  percolate  and  the  f»pa<t*  above  the-  drug  iu  the 
|>eret>lator,  so  tliat  the  air  may  pa*^s  upward  when  displattil  by  tl^e 
|>enx>late  in  the  receiving  jar ;  thiy  latter  provision  is  e.<s<*ntiul  Ui 
NUec^ej^sful  jKn'ulation.  Ai*  mn_v  Ik?  sec^n  from  the  ilUmtrati^ui,  the 
perttilator  is  fitted  air-tight  to  the  receiving  vessel  by  l>eing  f>a*seil 
through  a  cork,  ami  km»  of  meustruuni  at  the  top  is  pi-e vented  by  a 
water-joiot  with  which  the  f.'over  of  the  pen'olator  forms  an  air* 
tight  connection.  The  air  is  ciirrie<I  up  outiside  of  the  pei*colator, 
ami  made  to  eoti*r  at  tht*  tup»  to  take  the  place  of  menMrunm  pfi9^ 
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tog  down  ward  throngli  the  drug.  Fresh  luenstnmm  may  iic  sup- 
plied through  thf  ope-ning  in  the  cover  without  disturbing  the  water- 
joint.  Another  pliiii  to  provide  for  the  upward  disphieeiuent  of  the 
air  from  the  receiving  jar  is  to  pass  a  tube  through  the  centre  of  the 
pert*olator  and  extending  b^'hnv  the  lo%ver 
dtaphnigm,  the  drug  beiug  packed  around  the 
tube ;  such  an  ariiiiigenient  is  shown  in  tl»e 
tin  percolator,  Fig.  08,  which  is  likewise  pro- 
vided with  a  water-joint,  and  the  exit  tube  of 
which  should  also  pass  air-tight  through  a 
cork  iu  the  neck  t»f  the  receiving  vessel.  An 
arrangement  of  tubing  on  the  outside,  as  seen 
in  Fig.  97,  may  l>eatta(hi'<I  t<»  any  jiercolator 
capable  of  being  closed  air-tight  at  the  top 
with  a  cork* 

In  1874  tlie  Dursse  penx>lator  was  intro- 
duced (fee  Fig.  09),  It  combines  the  advan- 
tages of  a  broad  cylindrical  and  a  conical  ves- 
sel, and  is  admirably  adaptal  for  cpiantities 
of  drug  Hinging  from  400  to  600  Gm.  Un- 
fortunately but  one  size  is  made  of  this  jiat- 
teni>  which  is  15  inches  iu  length,  5  inches 
in  diameter  at  the  top  and  1  inch  at  the  Ijegin- 
ning  of  the  outlet  tulw.  One  of  these  per- 
colators was  in  use  almost  weekly,  during 
eighteen  years,  in  the  author's  hands,and  many 
a  pound  of  nux  vomica,  cinchona,  ergot,  gin- 
ger, vanilla,  gentian,  rhubarb,  valerian,  etc, 
was  suc<'c.'?sfully  extracted  therein  during  that 
time.  Its  eldef  merits  lie  in  the  |»erfcot  uni- 
formity of  its  sides  and  its  accurately  fitting 
cover,  by  wiitch  the  tlow  of  tlje  liquid  can  l>e 
regulatetl  and  all  volatilisation  of  menstruum 
be  prevented.  Being  made  of  heavy  glaea  it 
Ixnirs  usage  very  well  and  is  not  easily 
broken. 

Manufacturers  who  ojierate  upon  large 
fpiautities  of  drugs,  varying  from  25  to  60U 
pounds  or  more,  employ  pen^olators  made  of 
heavy  tin  or  tintied  copper.  Such  ^>er(Hilators 
ai-e  usually  of  the  shajie  shown  iu  Fig.  100,  and  supported  in  an 
Kh'  frame»  or  are  cut  olf  Hat  at  the  point  where  the  funnel- 
eml  liegius,  and  supportinl  un  a  heavy  wooden  stand.  In 
fhe  latter  8hai>c,  tlie  drip-i twk  is  situat**d  on  the  side  of  the  per- 
colator, near  the  VMJttom.  These  large  jiercolators  are  provided 
with  two  diaphragms  or  perfoniteil  disks,  likewise  made  of  heavy 
tin;  the  one  is  plat^**!  about  eight  or  ten  inches  from  the  bottom, 
and  is  ti8imlly  covered  with  a  piece  of  muslin  Ikcfore  the  moistened 
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drug  is  introduced,  while  the  other  diaphragm  is  inserted  over  the 
mass  of  drug,  which  has  been  previously  covered  with  a  piece  of 
felt  or  flannel,  to  insure  uniform  distribution  of  the  menstruum.  In 
oixler  that  the  descent  of  the  menstruum  may  be  regular  and  un- 
interrupted during  maceration  of  the  drug,  a  tube  attached  to  the 
inner  side  of  the  percolator,  connects  the  space  below  the  lower 
diaphragm  with  the  space  above  the  upper  disk,  and  thus  allows  the 
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Til)  i^roolHtor  fi>r  volHtllc  lltiuidn. 


The  I>iinise  percolator. 


air  iron)  ImIow  to  di^^plafi^  the  miMistruum  above.  A  well-fitting 
(•ovrr,  as  sliowu  in  tlu*  illii?stration,  prevents  evaporation  of  alcohol 
and  adniils  fresh  nieii.'^truum  wlien  ch'sireil. 

Th<'  well-known  siplion  or  well-tuln*  pen-olatcir,  fir.<t  suggested  in 
1>^7'J  by  I.)r.  K.  K.  Squibb,  is  still  in  nmstant  use  in  his  laboratories ; 
the  principlr  InvolvtHJ,  with  sliirht  iixMliKcations,  has  lK>en  adopted  in 
tin-  onirial  din*<-tiniis  for  iK'n.'olation  in  thr  Tnitfil  States  Pharniaoo- 
p:eia  lor  ISSOand  1>'1*0.  The  Sjnibb  well-tuln*  jx'n^olator,  as  shown 
in  Fi^<.  lOl  and  lOii,  is  roiistrurtcd  upon  the  prinri pic  of  an  artesian 
Will,  the  inoistencil  dniu  npresenting  the  soil  tlirongh  which  the  nien- 
strmun  passes  very  slowly,  the  solution  or  iMTcolate,  rising  in  the  well- 
tiilH-  wliirh  jjasses  through  the  centre  of  the  mass,  I  mm  ng  finally  drawn 
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I  iff  by  m€QDs  of  the  glass  siphon.  The  process  w  completely  under 
tlie  ivnirjl  of  the  opf  raior  as  regard*  the  rate  of  flow  of  the  percolate 
and  Qiaceration  of  the  nia^s  to  any  desired  extent.  To  prevent  par- 
tides  of  drug  fmm  entering  the  wt-II-tube.  this  is  made  to  rest  on 
r-everal  disks  of  flannel.  thn:»ugh  which  the  percolate  must  pa&«  before 
it  i:an  enter  the  tube.  The  siphon  acts  automatically  after  it  has  once 
been  started,  and  cannot  exhaust  itself,  because,  when  the 
F:o.  I'.o.  liquid  in  ih^  {^ereolator  tails  to  the  level  of  the  turned- 
up  ond  of  the  outer  limb  of  the  siphon,  the  flow  ceases, 
leaving  the  siphon-tube  full  ot  liquid,  the  difference  in 
the  length  "f  the  two  limits  of  the  siphon  being  only 
<uoh  that  the  inner  limb  reaches  the  bc»ttom  of  the  well- 
tu1)e.  and  when  measuntl  on  the  outer  limb,  reaches  to 
one-half  of  iis  lurned-up  end.  The  pr&^sure  on  the  sur- 
face of  the  moistened  drug  being  duly  counterbalanced 
by  the  atnuwpherio  pressure  on  the  otlumn  of  percolate 
in  the  well- tube  and  siphon,  all  particles  of  the  mass  in 
the  percolator  will  he  subjet^  to  uniform  pressure:  thus 
the  gravitaiiou  of  the  liquid  is  used  to  best  advantage, 
ju^t  as  in  the  rase  of  the  ruliber  tube  recommended  in 
the  pharmao:i|Keial  dirt'Ctions  f»:»r  {XTcolation.  The  body 
of  the  jMnxilator  is  made  of  irlass  or  stoneware,  and  the 
evajx^ration  of  menstruum  is  preventeil  by  a  tightly- 
fitting  i\»ver  i.^f  shctit  rubier  aUnit  }  inch  thick. 

During  tlie  i>asi  ten  nr  twelve  years  much  has  been 
written  al>»ut   "pn^sure    [x-n>«lators,"  the  chief  claim 
advam-txl  for  tht-ir  usi»  heiii:^  the  complete  extraction  of 
drugs  with  hss  mtrnstnium  than  by  ordinank*  methods, 
whioli  applits  to  thr  prej^iration  of  concentrated  solu- 
tions, sui'-h  a>  rinid  t-xtrarts.     Tlu-  idea  of  more  complete 
>i»liitii«n   by   means  ot'  pressure  originated  with  Count 
lual  nlmut  1**15.  and  the  apjviratus  devise<l  by  him  (see 
Kig.  l'»o   U-ars  a  tli^^:-  rf?emMam*  to  some  of  the  pres- 
>urr  iKrc^»lators  ■•!'  the  prest-nt  day.  devised  by  Rosen- 
wasst  r.  rMTry.Siiii.antl  Andt-rsou.     In  the  new  apparatus 
tin-  ilniL'  to  U-  rxiniitt^l  is  oaitiui^l.  by  means  of  a  suit- 
ablf  S' TrwarranjtiU' nt.  Uiwtin  ixTtorated  disks,  in  any 
iKsinnl  spa«f,  witiioiit   tin-  ix>s>ibility  of  ex|)ansion  on 
i-ominiT   in  rontart  with    ihi-   bulk  of  the  menstruum. 
'  '     '       *   Tlu-  Milvtnt  is  ioi\it1   tlir.Migh   the   mass   by  pressure 
i»l»iainiil  :Viiin  a  iMliunii  i>t' liquid  10i»r  12  feet  in  height, 
siip|»lii"*l  liy  a  n-s-rvoir. 
V-    ■';/'/■<'  I '    .r" 'V    /*.■•.>-  •/  Pfr,->.lith»it.     The  Pharraacopceia 
^i\. -tin'  r-'P.MwiTiL:  ilirnti'ij-  t'T  i-oniliirtini!  (H'rcolation,  which  are 
;iji|i;i.  al'li-  t'»  ail  'MHiial  pit  p:ir:iti«>n«^  in  wliii'h  this  method  of  soln- 
:'.'n  i-  iiitlit-ati-'l,  a-  in  i-a- li   :!iiivi«liial  i-iw*  the  fineness  of  powder, 
:!.•  ■.'i;intity  ..t   in.n-tnuiin  i-.  In-  ii-i<ii   T'.>r  nioir-tening  the  drug,  and 
:li.  il.jnr  nt"  Tiiinni--  wiili  which  it  i<  t«i  bo  })ack  id,  are  specified  : 
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*'Tfio  {K^rcolator  most  suitfible  for  tlie  fjinuitities  coiUemplatei]  bv 
die  PharmjR-ojXLna,  should  l>e  nearly  cvHuilrica]  or  slightly  conical^ 
with  a  fiinoeUshap^HJ  termination  at  the  smaller  end.  T'he  neek  of 
ihb  funnel  end  should  be  rather  sliort,  and  should  gi'adually  and 
rejfcunlarly  become  narrower  toward  the  orilk^e*  so  that  a  [Mrforateil 
Lct>rk,  bearing  a  short  gla^  tulM?,  may  be  tightly  wedged  into  it  from 
•"within  until  the  end  of  the  eork  is  flush  with  ils  outer  edge*  The 
glat^s  tube,  which  must  not  protrude  alKn*e  the  inner  surface  of  the 
cork,  should  extend  from  3  to  4  Cm,  Ijeyond  the  outer  surface  of  the 
cork»  aud  should  \ye  provide*.!  with  a  chjsely-fitting  rubber  tnl>e, 
at  least  one-fourth  longer  than  the  percolator  itself,  and  ending  in 
another  short  glass  tiil»e,  whereby  the  rubber  tube  may  l>e  so  sus- 
j>euded  tiat  its  orifice  shall  l>e  above  the  surface  of  the  meostruuoi  in 
the  perwlator,  a  rubber  band  holding  it  in  |>osition. 

"The  percolator  is  prepared  for  percolation  by  gently  pressing  a 
small  tuft  of  cotton  into  the  S{>aoe  of  the  neck  above  the  cork,  and  a 
small  layer  of  clean  and  dry  sand  is  then  penned  upon  the  surface  of 
the  cotton  to  holtl  it  in  place, 

**The  powderetl  substance  to  be  percolated  (which  must  be  uni- 
formly of  tiie  fineneas  directe*!  in  the  formula,  and  [r^hould  l)e  pr- 
fectly  air-tlry  before  it  is  weighed)  is  put  into  a  basin,  the  sjxx'itied 
quantity  of  menstruum  is  |K)ured  on>  and  it  is  thoroughly  stirred  with 

spatula  or  other  suitable  instrument  until  it  ap|)ears  uniformly 
Qoistenetl.  The  moist  powder  is  then  passed  through  a  coarse 
I  sieve — ^Xo.  40  powders,  and  those  which  are  finer,  requiring  a  No.  20 
sieve,  whilst  Xo,  3i)  powders  require  a  Xo.  15  sieve  for  this  purpose. 
Powders  of  a  less  degree  of  fineness  usually  do  not  re<|uire  this  ad- 
ditional treatment  after  the  moistening.  The  moist  powder  is  now 
iniusfeiTi*d  to  a  sl^eet  of  thick  ()a|ier  aud  the  whole  quantity  poured 
.from  it  into  the  pttt^iilator*  It  is  then  shaken  down  lightly  and 
'ftllowtil  to  remain  in  tliat  txjndition  for  a  periml  varying  from  fifteen 
minutes  to  several  houi*s,  unless  otherwise  directed;  after  which  the 
powder  is  pressed  l>y  the  aid  of  a  plunger  of  suitable  dimensions, 
more  or  less  firmly  in  proportion  to  the  chamcter  of  the  powdered 
:suV>stance  and  the  alcoholic  strength  of  the  menstrnum ;  strongly 
*ah*oholic  menstrua,  as  a  rule,  [permitting  firmer  |>aeking  of  the  povv- 
der  than  those  weaker.  Tlie  j>ercolator  is  now  placed  in  position  for 
percolation,  and  the  rubber  tube  having  lxH»n  fasten^'d  at  a  suitable 
|iieight.  the  surface  of  the  powder  is  covered  by  an  accurately  fitting 
disk  of  filtering  iia^wr  or  other  suitable  material^  and  a  sufficient 
quantity  of  the  menstruum  poured  on  thn>ugb  a  funnel  reaching 
» nearly  in  tiie  surfnct'  of  the  pa|3er.  If  these  comlitious  are  accnirately 
[obaervetl  the  menstruum  will  penetrate  the  powder  equally  until  it 
pO0sed  into  the  rubber  tulie,  and  has  reached  in  this  a  height 
[^rre^jionding  to  its  level  in  the  ijercolator,  which  is  now  closely 
ieovertd  lo  prevent  evajioration.  The  apparatus  is  then  allowed!  U> 
fitand  at  rt^t  for  the  time  speci fie<i  in  the  formula. 

'^Tolx^in  ]ieroolatiou,  the  rubber  tube  ia^  lower^  and  its  glass 
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'ten  to  thirty  tlroi>s  in  a  minute,  A  layer  of  nunstniiiin 
must  constantly  be  maintained  al)ove  the  powdcrj  so  as  to  pi'event 
the  access  of  air  to  its  interstices^  tmtil  all  has  been  added  or  thi* 
requisite  quantity  of  percolate  has  been  ohtaiued.  This  is  C4»n» 
veniently  aceompli^lnd,  if  the  ^iipace  above  the  powder  will  admit  of 
it,  by  inverting  a  ^►ottle  conlaiuin|^  the  entire  quantity  of  menstrnum 
over  the  percolator  in  such  a  manner  that  its  mouth  ma>'  di|)  U^ncaih 
the  surface  of  the  liquid,  the  bottJe  being  of  such  a  shuj^K^  that  its 
shouhler  will  K^rve  as  a  cover  for  the  percolator.  (For  iUu^tration 
of  the  official  [ircK-ess,  see  Fig.  104.) 

**\Vlien  the  pro<^*es.s  is  successfully  conducte<l,  the  fir^t  |>ortion  of 
the  liquid  or  [»t*rcolate  passing  through  the  percolator  will  be  nearly 
satni*ated  with  the  soluble  ctmstituents  of  the  ^iubstanw  treattil  ;  and 
if  the  ijuantity  of  menstruum  l*e  sufficient  for  its  exhaustion,  tlie  last 
lK>rtion  of  the  peitxilate  will  be  destitute  of  color,  odor,  and  taste 
other  than  that  possesj-ed  by  the  menstrnum  itself*" 

The  degree  of  tineuess  of  j>owder  to  which  a  drug  is  to  bo  rethiced 
depends  pirtly  njK>n  the  menstruum  to  Ik?  used  and  partly  upon  the 
nature  of  the  active  constituents  of  the  drug  and  the  readiness  with 
which  these  can  Ix*  extracted.  Drugs  like  aconite,  cinchona,  nux 
vomica,  vcratrum  viride,  and  others,  require  to  l»e  in  fine  powder, 
while  gentian,  rhul>arb,  krameria,  squill,  and  the  like,  can  l>e  readily 
exhausted  in  coarser  powder.  As  a  rule,  strongly  alcoholic  or  ethereal 
menstxua  are  used  with  fine  powder,  whereas  hydro-aK*oholic  and 
aqueous  menstrua  are  better  a^^lapteil  to  coarser  powders. 

The  quantity  of  menstruum  to  be  used  for  moistening  the  powder 
aim  varies  w^ith  difierent  drugs;  one-fourth  to  one-l»alf  as  much 
menstruum  as  powder  is  generally  required  to  thoroughly  dam})en  it 
without  destroying  its  mobility,  dei>ending  likewise  u|>on  the  nature 
of  the  drug  and  menstruum.  In  a  few  cases,  where  the  active  con- 
stituents are  quickly  extracted,  ami  previous  moistening  might  C4iuse 
the  }K)wder  to  agglutinate^  as  in  tincture  of  catechu  and  the  official 
oleitresins,  it  is  even  lictter  not  to  moisten  the  drug  at  all  bef(»re 
placing  it  in  the  perci>tator. 

The  next  step  is  the  proper  packing  of  the  |>erc«.>lator,  and  upon  it 
will  largely  depend  the  success  of  tlie  proLt^ss*  A  suitable  supjiort 
muat  be  provide*!  for  the  moistened  powder,  and  for  tliis  pur|>iise  a 
notched  cork  or  u  tuft  of  absorbt^nt  cotton  may  be  used.  If  the  cork 
lie  chosen  a  layer  of  cotton  should  be  placed  over  it  to  prevent  the 
escape  of  iHjwder,  or  if  cotton  alone  be  used,  it  may  be  slightly  com- 

[xrr^ed  into  the  m'^^k  of  the  j^tercolator.  Unless  the  quantity  of  ilrug 
K»  Inrgi*,  tiic  moisteuMl  pnwder,  after  having  l)een  first  p;i^s«xi  tlirough 
Jl  noarse  sieve  to  [ynnk  up  any  hiitqis,  shouKl  l)e  transferred  tt»  the  |»er- 
i\th\0T  (lii  fit  om'  timf%au(\  tlicn  shaken  <lown  l>y  tapping  the  sides  of  the 
Vtissel  If  tlie  drug  is  to  be  ^atumte<l  with  menstruum  belbre  mac<»ni- 
tion,  as*  in  the  i-as-e  of  fluid  extracts,  the  powder  should  lx»  at  mice  com- 
pres»»f*d«  m<xleratcly  or  firmly  as  the  chanicter  of  the  menstruum  and 
the  nature  of  ilic  drug  may  require.    As  a  rule,  fine  powders  and  akH>- 
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holie  menstrua  demand  firm  packing,  as  also  lignt^iusand  spongy  «lnig8 
under  certain  conditions  ;  acjtieous  menstrua  generally  nei:essitate  mod- 
erate c«iropression.  If  the  moistened  drng  be  introduced  in  layers,  uni- 
form packing  Ijeeoina-*  more  difficult ;  tlie  lower  portions  of  the  drug 
slionhl  l>e  less  firmly  compi-e^sed  tljan  the  upjier  layers,  becaase  the 
menstruum,  when  it  reaches  tfiem,  being  already  charged  with  some 
soluble  matter,  is  denser  than  at  tlie  toj),  and  lienee  eunnot  penetrate 
a  firmly  packed  mass  as  readily  as  would  fr&sh  menstruum.  Maeera- 
tion  of  the  moistened  powder  prior  to  pcn;olatiou  Is  advantageous  in 
many  ease^,  as  it  allows  tlie  drug  to  swell  and  r»ecome  moi*e  thoroughly 
permeated  by  the  meuslruuuj,  and  permits  more  satisfactory  paeking 
afterward  ;  in  Bonie  eases,  where  concen- 
trated solutions  are  desired,  maceration  after 
satumtion  is  positively  necessary  to  insure 
gooA  results.  The  i)acking  of  the  moistctied 
powder  is  l^st  effected  with  a  packing  stick 
of  suitable  design,  made  of  hard  woixl,  of 
the  shajR^  of  the  well-known  potato-masher. 
Next  to  unifi^rmity  in  fineness  of  (lowder, 
tmiiorniity  in  packing  is  the  most  important 
feattire  in  percolation^  so  as  to  insui'c  the 
even  descent  of  the  menstruum  ;  if  the  drug 
is  more  finnly  compressed  on  one  side  than 
on  the  other,  the  menstruum  is  snix?  to  flow 
in  the  dira^tion  of  least  instance,  and  leave 
a  part  of  the  mass  imperfectly  extinct ed. 
AfW  the  powder  has  been  packed^  a  dia- 
phragm of  iiltering  ])a|>er  or  felt  is  laid, 
over  the  surface  and  kept  in  place  by  means  of  ]>el)blcs  or  pieces  of 
broken  glass  ;  this  is  for  the  jmrpose  uf  preventing  disturbance  of  the 
upjier  layer  and  to  insure  «?<pml  distribution  of  the  lifpiid  when  the 
menAtmnm  is  jiouretl  on. 

As  stated  in  the  phurinacoi>o?!al  directions,  a  layer  of  menstruuin 
must  constantly  be  maiutaineii  above  the  powder,  in  order  to  prevent 
the  acci»ss  of  air  to  its  interstt<H^s.  Every  |»ercolator  should  Iw  pro- 
vided with  a  cover,  wdiich  may  be  either  of  glass  or  slieet-rnhber,  to 
avoid  hjtss  of  or  change  in  the  menslrunm. 

The  simi>lc8t  an^ngement  for  controlling  the  rate  of  flow  of  the 
jH*nH)Iate  is  by  means  of  a  rubber  tube,  as  sj>ecifierl  in  tlie  official 
directiouj*,  and  this  de%'ice  can  be  attached  to  nearly  every  form  of 
jH'rcxilaior  known.  As  the  rate  of  flow  frtnu  the  tube  will  l>e  pn> 
port ii mate  to  the  differencT  in  height  l)etween  the  liquid  in  the  i>er- 
cohit<»r  and  the  point  to  which  the  tube  is  raised  on  the  outside,  it  is 
evident  that  \u  contn»I  is  within  easy  reach  and  may  lie  v^aried  from 
II  constant  ntream  U>  fiv<Mliops  per  minute.  The  rapidity  with  which 
tile  jx^rcolate  wimll  b-  allowed  to  |ia^  will  \mry  with  the  object  !n 
%icw  and  tie  '  u  the  active  principles  enter  into  solu- 

tiiio  ;  for  til  ige  rate  may  be  stated  to  Ijc  15  to  20 
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Jrop^  per  minute,  while  the  percolate  In  the  case  of  fluid  extracts 

should  Dot  \ye  allowed  to  How  taster  thau  5  or  10  drops  per  iniGUte. 
The  complete  exhaustion  of  a  drug  can 

only  be  juaged  by  the  physical   pmperties 

of  the  last  portions  of  the  percolate ;  hence 

a  thoroiijxh  knowledge  of  the  valuable  con* 

&titiaents  tiouglit  to  Ix*  extracted  is  essential ; 
I  absence  of  L*<jlor  and  ixlor  is  not  aiway;^ 
.  indicative   of    perfect   exhaustion,  and  tlie 

sense  of  taste  furnishes  a  more  I'diable  lest 

in  the  case  of  aconite,  |y:in<jer,  nux  vomica, 

etc.  Drugs  like  jalap  and  podnphyllnm  are 
.known  to  be  exhausted  wlien  I  he  percolate 
^ mixes    clear  with  water,  as    this   will    not 

occur   until  all   resin   has   Ijcen   extract t^il. 

Cardamom,    valerian,    vanilla   and    similar 

aromatic  drugs  are  jiidge<]  entirely  by  tlie 

odor  of    the  percolate ;    quassia^    rlianmus 

and  gentian,  by  the  bitter  taste;  and  rhatany, 
icntechu  and  gerauinm,  by  the  peculiar  astrin- 

gency  of  their  soluble  constituents. 

A  considerable  quantity  of  alcoliolic  men* 

strnnm  is  sometimes  retained  by  the  marc 

after  ex luiustion  of  the  drug,  and  this  may 
Lbe  retH»vere<l  by  expressit>n  or  by  percolation  with  water^  either  dii-eci 

[)r  after  admixture  of  clean  sawdust.    .Such  i-ecovered  alcohol  is  unfit 

for  further   use  until  it  has    lieen    purified 

by  adding  thi^ee  grains  of  tK^tassium  per- 

roanganate  to  every  pint,  shaking  the  mix- 
'  til  re  oc5cafiionally  during  several  days^  and 
*then  decanting  and  distilling.    Another  plan 

to  avoid  tlie  hi«ss  of  alcohol  by  absorption  is 

to  employ  gradually  wetikcr  menstrua,  after 

th«*  require*]  quantity  of  original  menstruum 

has  all  l»een  added. 

5r[uch  time  and  annoyance  may  lie  save<l 

by  c<»lle<'ting  the  perc^>late  in  proj>erly  gnul* 
^liatc<l  glass  jars  (if  the   |>c reflate  is   to  be 

weighcHl,  use  tared  vessels),  which  caci  l>e  oIh 

lainiHl  from  glass  manufacturers  in  diiferent 

siz»*H   adiiisted    lK>th    for   apothecaries'    ond 

r  *  lid  niHisure  (sei'  Figs.  105  ami  li^G). 

tjient  plan  als*)  iii  to  paste  a  strip  of 

|Ki|irr  on  a  wide-mouth  bottle  and  uinrk  on 

the  same  with   ink   the  ditlerent  quantities 

of  liquid  measured  into  the  bottle,  as  shown 

in  Fig.  107  ;  to  protect  the  pa[>er  scale  and 

render  it  iQi()ervious  to  moisture^  il  !$hould  Ix*  coated  with  some 

eolciriefli  varaifib. 
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The  u»ual  niethcK]  of  supportiot^  ]m  nnkitoi^  is  by  means  oi'  th«"  ii 
rings  of  a  ri'tort-staiKl,  as  already  sbowD  iu  Fig,  1<)4  ;  in  order  tu  pro- 
tect the  glasrt,  gcrtious  ui*  rnblKT  tiil»ing  uiay  l»e  attached  to  the  riiig>»f 
formiag  suitable  eushiotis  or  guards.  A  very  eoiivenient  arran^irmenl 
is  Bet*k*s  Peivolnting  Stand  (see  Fig-  108),  whieh  admits  of  siiutiilii- 
neons  multiple  operations  and  is  equally  well  adapted  for  use  in  the  i 
8tore  or  laboratory.  The  staiul  ean  either  bt*  phieiH.1  on  the  flix»r  or  | 
l)e  supjKirted  on  two  iron  bmckets  fastened  to  the  wall ;  as  shown  id 
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lleck'i  infTculiithiic  «tfiriil. 

llie  illti??tnitrf>n,  it  (*an  l>e  ehnnged  by  means  of  thunib-srrews  to  unit 
vftriou!<  Ih  ight«  of  bottles.  The  length  of  the  Iwise-boord  is  42 
inehe8»  the  width  12  inHies*  and  the  ejctreme  heij^ht  of  tin*  stiml 
M  inches  ;  th«'  siipjjorts  for  pert^olntors  and  funnels  are  formed  by 
tnean^  of  iTc»ss-pit*<'f*s  snitai)1y  hollowed  nut  imd  seenrnl  by  jiert^w* 
paf»f*ing  I h rough  the  slot  in  tlu-  eross-Uirs 

Ri-:rEii<N»r,ATio.v  h  n  pr«j<'*'?*H  intt-ndtii  for  the  preparation  of  con* 
centrated  vegetable  Holutionn  with  a  minimum  (piontity  of  menstruum, 
and  i»  confincnl  to  the  manufacture  of  tluid  extracts  without  heat* 
Dr.  Squibb,  who  in  the  author  of  ihe  prcx'eiw^,  defines  it  to  be  *'  the 
BQooesfiivc  appUi*ntrt>u  of  the  same  percolatiDg  meoBtruum  to  fn'sh 
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portions  of  the  sul^stanee  to  be  percolated/*  His  ?siiggt'stion  was 
based  upon  the  observation  made  that  a  weak  solution  of*  the  con- 
stitnentsnf  a  drug  h  a  better  solvent  fur  the  soluble  active  principles 
of  that  dru^  than  fresh  menstruum.  The  following  example  will 
serve  to  illustrate  the  pro<:v8s  of  re[>en"olatinn  :  100{>  (im.  of  a  prop* 
erly  jKjwdered  drug  are  divid^xl  into  live  portions  of  'JtMt  Gm,  eaeli  ; 
one  |M>rtion  is  moistened»  j>aeked,  macerated,  and  iKTcolated  to  ex- 
liaustioD,  the  tir«t  J  50  Cc.  of  the  percolate  l>eing  set  aside  as  finished 
product,  the  remainder  being  colJectetl  in  fraeti(»ns  of  200  Ce ,  ami 
niimitered  i-espectively  1,  2,  3,  etc.,  in  the  ort^er  in   which  they  art* 

^CHjllected.  The  second  jiortion  of  the  drug  is  moistened  with  No.  1 
weak  jiereolale,  packetl  anrl  jH?ivotatwl  to  exhaustion,  the  ditlereut 
weak  pei'ijolate.^  lieiug  u*ed  in  tlje  oi^er  in  whieJi  they  have  l>een 
etdletietl,  followed  by  fresh  menfttruura  if  necessary,  the  tirst  2(X) 
Cc.  of  the  i)er<x>late  from  this  second  portion  of  the  drug  lieing  set  aside 
as  finishetl  prcKluct,  the  remainder  being  again  colle^jted  in  fractions 
of  20<_)  Cc,  and  numl>ered  1,  2,  S,  etc.,  as  l^efore.  The  third,  fourth, 
and  fifth  [xirtions  of  the  drug  are  trt*atctl  exactly  like  the  second 
portion,  the  first  20O  Cc,  of  the  jjercolate  in  each  instance  l>eiug  set 

Imside  as  finished  product.  When  the  fifth  portion  of  the  drug  has 
pn  exhausted  there  will  l>e  on  hand  five  lots  of  finished  pnxluct — 

tl5t),  200,  2CK>,  200,  and  200  Ce, ;  total,  950  Cc— and  l>esides,  four 
or  five  Iota  of  weak  |iercolate  ?iuppos<Hl  to  hold  in  solution  the?^oluble 
matter  from  50  (im» ;  these  weak  j>er<H»lates,  properly  numberetl,  are 
siH  aside,  to  Ije  again  used  in  place  of  frt^li  menstruum  ior  the  next 
lot  of  the  same  preparation,  the  process  henceforth  being  continued 
exactly  as  with  the  second  portion  of  tlie  drug  mentioned  before.  This 
retention  of  25  ]ier  cent,  of  the  soluble  matter  of  one  jwrtion  of 

[the  drug  in  the  weak  j>ereolates  is  based  on  numerous  c-ai-efully  con- 
Jucted  exj»eriments,  ihe  results  of  which  showed  that  wlien  100  iiiu, 

Fof  drug  are  exhausted  l»y  [percolation,  from  70  to  80  pt^r  cent,  of  the 
total  soluble  constituents  present  are  contained  in  the  first  75  Cc  of 

,  jHTCfjIatc     By  some  the  process  of  repercolation  is  termeil  fractional 

Eereolation,  and  mcKlifications  of  Dr.  Squibb's  methcKl,  statetl  alxtve, 
ave  been  suirg^^sted  ;  in  every  instance,  liowever,  the  simie  principle 

r I*'  kept  in  view — namely,  the  use  of  w^eak  pen^)iates  in  place  of  fresh 
menstruum. 

CoNTINlJors  PETlC0LATn>N'  is  a  name  sometimes  applie»l  to  a 
proot«gi  of  extraction  which  involves  the  exhaustion  of  a  drug  with 
n  '  '  ]  ipiantity  of  menstruum,  by  rejx^t€'<lly  vajHTiri/jug  and  con- 
*■  ihr  tluid  in  a  s|»t^Mally  construct efl  apparatus,  so  arrunge<l 

tlliat  the  exfni<*t<*d  soluble  matter  remains  in  the  i^»ceiving  flask,  whiN 
the  solvent,  iu  the  tonrj  of  vapor,  |iasscs  n()ward  to  a  reflux  t^^u- 
denser,  and  thence  flows  buck  into  the  wrcolator.  It  is  c»liiefly 
fmidoyeit   in  the  examination  of  vegetable  drugs,  witlj  a  view  of 

Icietcrmiuine  their  valuable  constituents,  and  is  particularly  adaptiii 

Ito  the  ni  ire  of  the  official  olenreeios.     For  description  of  the 

|a[»liaratri chapter  on  Oleoresins. 


CHAPTEK  IX. 

SEPARATION  OF  NOX-VOLATILE  MATTER. 

The  process  of  separation  may  be  applied  to  non-volatile  or  fixed 
as  well  as  volatile  matter ;  in  the  former  case  it  is  understood  to 
refer  to  the  removal  of  insoluble  substances,  sediments,  etc.,  from 
fluids  holding  them  in  suspension,  and  also  of  immiscible  fluids  from 
each  other.  The  various  operations  employed  for  the  separation  of 
solids  from  fluids  are  termed  filtration,  decantation,  expression,  clari- 
fication, and  decoloration. 

Filtration. 

By  some  pharmacists  filtration  is  considered  so  trivial  an  operation 
as  not  to  merit  extended  consideration ;  but,  like  other  simple  pro- 
cesses, it  is  well  deserving  of  study,  as  there  is  room  for  the  exercise 
of  intelligence  and  ingenuity  in  its  many  useful  modifications.  Fil- 
tration is  usually  employed  when  the  solid  matter  to  be  removed  is 
not  present  in  excessive  quantity,  and  consists  in  submitting  the 
mixture  to  the  sepai-ating  action  of  certain  media  which  allow  tiie 
fluids  to  pass  through  but  are  inij>ervious  to  the  solid  i)articles. 
iSoinetimes  filtration  is  also  called  eolation  or  straining;  but  it  is 
tuulerstood  that  the  process  of  straiuing  diifers  from  filtration  either 
in  the  less  complete  removal  of  suspended  sedimentary  matter  from 
a  fluid,  or  in  the  fact  that  the  solid  particles  are  not  in  fine  i>owder 
and  ciui  be  easily  retained  by  coarser  niedia  than  those  generally 
c'inployed  for  filtration.  (  olaliou  is  a  favorite  mode  of  separation 
wlu^n  the  fluid  is  of  a  viscid  character.  The  various  filtering  media 
employed  are  cotton  and  woollen  cloth,  paper  made  therefrom,  also 
absorbent  cotton,  glass,  wool,  asUstos,  sand,  and  charcoal;  the  clear 
clear  licjuid  passing  through  these  media  is  termed  the  filtrate. 

For  straining  syrups,  oils,  and  similar  fluids,  filter-bags  of  flannel 
or  felt  are  admirably  ada})ted,  as  they  permit  a  rapid  passage  of 
the  li(|ui<l  and  efl'ectually  retain  all  solid  matter;  sucii  filter-bags 
are  of  conical  sha}K\  see  Figs.  109  and  110,  and  are  readily  matle, 
of  plain  or  Canton  flannel,  by  folding  over  a  scjuare  piece  in  the 
maimer  indicat<d  in  Fig.  Ill,  the  line  cd  l)einir  laid  over  the  line  c a 
an<l  unitinl  l>y  a  seam  ;  the  bag  thus  formed  is  pointc^l  at  c  and  open 
from  f(  to  />,  the  line  d  c  l>eing  lai)ped  over  to  form  the  seam.  The 
long  end  })roj<*cting  toward  the  point  h  beyond  tiie  dotted  line  ef 
should  Ik*  reinove<l  and  four  loops  of  heavy  cord  or  tape  attached 
after  tin-  (dge  has  been  turned  over;  the  lo()})s  will  serve  to  suspend 
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the  wnsliiu;:;  and  ilruining  of  hiilky  pre(*i|>»tiili^,  a  sfjimre  cotloiwwtl 
may  Ik*  strutclRtl  (»ver  a  square  frarae  called  tenaeulum^  as*  ^Imwii  itt 
Fi^.  113;  for  smaller  t>|Hinit[ons,  such  a*^  stiuiain^  iufiisiions  or  d<*iH:»e- 
tioiis,  tlie  cloth  strainer  may  l»e  fastened  over  a  funuel  by  mean^  of  1 
wix)den  pinche<X'ks,  and  when  it  bet:ome8  iieeessary  tii  straiD  witli 
expression,  the  eiid^  of  tJie  strainer  niU8t  l>e  folded  over  and  twlsti'd 
in  opjuisite  directions,  as  nhown  in  Fig.  114.    A  kind  of  cotton  c-loili 


Fin,  114, 


/<' 


<Xi 


9liowlQ|r  the  manner  of  foUUug  autt  expressjiig  (lAtiQel  or  clocti  stT»loen. 

known  as  ehei»a*M'loth  ts  preferred  by  nmiiy  for  strainers,  as  it  allov 
ruiuids  Ui  {MISS  rapidly  through  it,  All  strainers  shouhl  lie  W€*!l 
wetted  just  Ik* fore  they  are  uslh],  and  those  <'ontainini>  .sizing  should 
be  fretH^  from  the  same  by  washing  with  hot  water  J^>efore  they  are 
put  into  use  at  all.  For  use  at  the  disj^ensing  counter  in  straining 
ftolution^,  a  pledget  of  al>sorlient  cotton  i>laeed  in  the  throat  of  a 
funnel  will  be  found  very  eon venient  and  nervieeable;  and,  as  nearly 
every  solution  prepared  is  likely  to  contain  some  specks  and  motes, 
this  little  o|R^ration  should  never  l>e  neglected. 

Sonje  years  ago  a  very  aerviceable  oil  filter  was  deviscxl  by  William 
U,  Warner,  which  pos^esseti  the  advantage  of  filtration  under  pres- 
sure, and  i*  t»qually  well  adapted  to  syrups  (see  Fig.  115),  The  iip|KT 
cylindrical  ve&^l  of  tinne<l  iron  is  twenty-two  indues  high  and  ten 
inchi-s^  in  diameter,  with  a  tianch  rim  soldered  on  the  bottom,  of 
rather  hsa diameter  an«l  an  inch  wide,  .s*j  as  to  fit  6rmly  into  the  ojkui 
top  of  another  cyliudriad  ves-sel,  li,  of  the  same  diameter,  i  iglitei*n 
tnchi'S  high.  The  upper  vessel  is  fiirnishiii  with  a  lid  and  with  an 
Ij-»ha|i**f|  tulw*  and  slopecx^k,  c,  which  jwnetrates  the  side  close  to 
the  btrtttmi,  and  fits  into  another  tul)e,  r/,  at  e,  which  iuIh?  o]^n5i 
into  the  lower  vt*»?M*l  <rliise  lo  it-4  Iwise,  and  is  further  seiMire^l  to  b  by 
a  tubular  .'«tuy.  The  tilti*ring  ineiiium  i?*  a  (»one  of  hat  filt,  projecting 
uiiwanl  fnim  near  the  bottom  of  the  lower  vensil,  and  a€*eured  in 
placL"  by  thund**^'n^ws  parting  through  two  tinned-iron  rings  and 
the  felt,  which  an*  all  prt>{>erly  pierced  for  tluit  pnrpoiie.  The  stoi>- 
cock,  t\  being  cIosihI,  tlu-  ui>pc»r  ve^*^d  i*  fittixl  m  iti»  ]dace,  and  lfi« 
tulie-joint,   f^   rendered  tight  by   wmpping  with   isiuglasa  plaster; 
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when  this  is  dry,  the  upper  vessel  is  filled  with  the  liquid  to  be 
filtered,  and  the  stopcock,  c,  opened.  The  filtered  liquid,  as  it  accu- 
mulates in  B,  should  be  drawn  off  at  /,  and  if  convenient  the  appa- 
ratus should  be  kept  in  a  temperature  of  about  120°  F.,  in  order  to 
facilitate  the  flow  of  the  liquid. 

Complete  separation  of  fine  suspended  matter  from  fluids  can  best 
l)e  effected  by  means  of  filtration  through  j)aj)er;  only  unsized  paj)er 


Fig.  115. 


Fig.  116. 


A  plain  filter. 


Warner's  oil  Alter. 


can  be  used,  the  best  kind  being  that 
made  from  cotton  and  linen  rags, 
although  paper  made  from  woollen 
material  is  tougher,  and,  being  more 
porous,  permits  more  rapid  filtration. 
The  square  sheets  of  filtering  pa|)er, 
which  at  one  time  were  the  only 
style  to  be  had,  are  rarely  used  now, 
since  ready-cut  round  filters  can  be 
had  of  all  sizes  and  qualities.  Two 
kinds  of  paper  filters  are  used,  the 
plain  and  the  plaited,  the  construction 
of  which  is  very  simple,  and,  when 
once  properly  understood,  never  forgotten.  The  chief  advantages 
of  plain  filters  are  the  simplicity  of  coustruction  and  the  fact  that 
they  are  admirably  adapted  for  collecting  the  solid  matter  suspended 
in  the  fluid,  which  is  afterward  to  be  removed  from  the  paper  for 
further  use;  on  the  other  hand,  filtration  pr<x«eds  far  less  rapidly 
in  a  plain  than  in  a  plaited  filter,  because  the  paper  lies  flat  against 
the  sides  of  the  funnel,  and  the  liquid  passes  through  only  at  the 
point  or  apex.  Plain  filters  are  made  by  doubling  a  circular  piece 
of  filtering  paper  upon  itself,  and  then  folding  this  directly  in  the 
middle ;  by  now  opening  the  folds  in  such  a  manner  that  one  sector 
or  division  shall  appear  on  one  side  and  three  sectors  on  the  other 
side,  a  perfect  cone  will  be  obtained,  as  shown  in  Fig.  116,  which 
will  exactly  fit  into  a  properly-sha|)ed  funnel. 
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The  waste  of  paper  which  is  caused  by  this  method  of  folding  a 
plain  filter,  where  three  thicknesses  of  paper  are  found  on  one  side 
of  the  filter  and  but  one  thickness  on  the  other  side,  may  be  avoided 


Fio.  117. 


Diagram  fi)r  mtiking  an  ecfinomical  plain  tiller,  according  to  E.  CUuien's  directions. 

by  following  the  suggestions  of  Edo  Classen,  which  are  as  follows : 
To  make  a  plain  filter,  of  single  thickness,  which  will  fit  a  funnel 
having  an  angle  of  60°,  use  a  piece  of  filter- pa jxjr  in  the  shape  of 

Yu..  \\^. 


a  s«ini-<*llips«\  a-^  ^liowii  in  Fig.  117,  the  line  A  1>  Infing  one-fifth 
loiiijcr  than  the  lints  A  C  or  A  !>.  Kohl  the  paper  in  the  centre  so 
that  fUH'-half  fxat'tly  <-«»vi'rs  the  fithrr;  next  fold  the  short  straight 
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side  over,  so  that  both  straight  sides  shall  be  of  the  same  length. 
Additional  security  against  leakage  will  be  obtained  if  the  strip 
last  folded  is  again  folded  back  upon  itself,  preferably  toward  the 
inside. 


Fig.  119. 


In  order  to  strengthen  the  weakest  point  of  the  cone,  a  smaller 
round  filter  may  be  placed  on  the  outside  of  the  larger  filter  and 
folded  with  the  same,  or  one  plain  filter  may  be  placed  inside  of 
another,  so  that  even  thicknesses  of  paper  shall  be  on  all  sides. 


Fig.  120. 


The  construction  of  a  plaited  filter  is  more  readily  demonstrated 
than  explained  ;  the  simplest  plan  is  to  proceed  as  follows  :  Fold  a 
circular  piece  of  filtering  paper  twice,  after  the  manner  directed 
above  for  a  plain  filter ;  this  gives  creases  A  B,  A  C,  and  A  D.  (See 
Fig.  118.) 

Next  fold  the  crease  A  C  over  on  A  B,  and  the  crease  A  D  over 
on  A  B ;  this  causes  the  creases  A  E  and  A  F.     (See  Fig.  WiK) 
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Xow  fold  the  crease  A  C  over  on  A  F,  the  crease  A  D  over  on 
A  E,  the  crease  A  C  over  on  A  E,  and  the  crease  A  D  over  on  A  F; 
this  causes  the  creases  A  G,  A  H,  A  I,  and  A  K.     (See  Fig.  120.) 

The  semicircle  is  now  divided  into  eight  sectors,  all  creases  being 
in  the  same  direction  ;  to  complete  the  filter  it  is  necessary  to  divide 
each  sector  into  two  by  making  a  crease  in  a  direction  opposite  to 
tiiose  already  made — thus  :     (See  Fig.  121.) 

Fio.  1*21. 


Diagram  sbowiug  the  creases  of  a  plaited  tilter. 


Fold  the  triangle,  A  C  I,  back  upon  itself;  this  causes  the  crease,  A  1^ 
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If  the  filter  now  be  opened,  it  will  Ije  ibunil  dividctl  intu  32  sectors, 
two  of  whieh,  A  C  L  and  A  J>  P,  oppt>8ite  racls  other,  show  hotli 
edg^  pointing  in  the  same  direction  (see  Fig.  122);  to  prevent  th^^ 
two  s^ectorB  from  lyini^  flat  a^rainst  the  tilass  when  the  filter  is  phieed 
m  the  funnel,  they  hhouhJ  i>e  again  dividend  by  plaeing  thr  index 
finger  in  the  centre  and  bringing  the  edges  up  with  the  tliuinb  nntl 
seconcl  finger,  thuts  forming  two  new  creases  inwai'd,  A  U  and  A  V, 
(See  Fig.  123.)  In  plaiting  a  filter,  care  mnst  lie  observed  that  tlie 
creases  l>e  not  pr*i«se<I  Uvj  firmly  down  to  the  very  pointy  as  tiiis  haj* 
a  tendency  to  rupture  the  paper,  or  at  leasts  to  materially  weaken  it. 
The  plaited  filter,  when  aimpleted  and  ready  for  use,  is  divided  into 
fl4  >et'f<>r-,  jHid  apjx'ni*^  ns  sll^^vn  in  Vv^.  124. 

Th;  \n.  Fio.  lift. 


A  curo|)ilei«  pUlteil  fUtvr. 


K  prt>p«c1f  sluiped  gUua  ninocl 


The  points  of  pa|x»r  filler-  may  Ik^  totighened  or  strengthened  by 
dipping  tiicm  into  strong  nitric  acid  of  L42  sp.  gr,  antl  then  wash- 
ing well  with  water  to  i-eniove  excess  of  acid;  while  a  similar  treat- 
ment with  snlphnric  acid  converts  unsized  paper  into  parchmeni 
piijier,  wliich  is  iin|KTvious  to  water.  Xilncaeid  simply  toughens  the 
pajMT,  but  in  no  wise  interfeix's  with  the  absor|>tion  and  pa&sjige  of 
fhiids  tlirough  it»  though  its  power  of  resistance  is  increased  tenfold 
by  this  tn^ttmcnt. 

When  the  objfvi  of  filtration  is  to  obtain  a  clear  fluid  irres|M»ctive 
of  the  solid  matter  removal,  a  plaitetl  filter  is  alwavin  to  be  preferred 
to  the  jihiin  one,  as  it  exjKiSi't*  the  entire  surface  of  the  paper  to  the 
litpiid  and  allows  the  lattx-r  tfi  pass  through  very  rapidly. 

Gla>^,  IMint^lain,  or   metallic    fiumels,  intended    as   supports  for 

pa|k*r     fil!*'I^»     slintlld    be    of    i\\v    cl^npi.    ^linwn    ID     Ffg,     1 2'^»      linvil>tr 
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siraiglit  gides  at  an  an^le  of  60°  to  each  other,  and  the  end  of  the 
tube  being  cut  otf  obliquely,  so  as  to  ciinipel  the  liquid  to  flow  tVom 
one  point  only ;  when  used  over  a  jar  or  Iteaker  if  is  well  to  place 
the  lower  end  of  the  funnel  in  contact  with  tljc  side  of  the  vessel, 
tluw  pi'eventing  any  annoyance  from  splasljin^  of  the  lir[uid.  In 
order  to  provide  for  the  nei^t^sary  escape  of  air  from  the  reeeiviDg 
vessel,  whenever  a  funnel  is  placed  in  a  bottle  a  piece  of  twine  or  a 
Jit  rip  of  paper  should  he  place<l  Iwtween  the  neck  of  the  bottli?  and 
the  tnlx>  of  the  funnel,  the  cn<l  of  which  should  invariably  project 
l>eliiw  the  neck  of  ihc  Injitle. 

When  a  pi^yer  tiltcr  is  pla<.\^I  in  a  funnel,  its  npjKT  edges  should 
never  quite  reach  to  the  rini  of  the  funnel  (better  one- half  incli  l>elow), 
80  as  to  allow  the  funnel  to  be  covered  with  glass  or  sheet-nibl>er»  for 
the  purpose  of  keeping  out  dust  and  prev"en ting  evaporation  ;  l>esides, 
if  the  filtQT  projects  l>eyond  the  funnel,  considerable  liquid  will  be 
tlrawu  to  the  upjier  cdj^es^  owing  to  the  capillarity  of  the  pajwr,  and 
evajKiratt^l,  thus  rntailing  loss.  In  pouring  a  liquid  into  a  filter,  it 
should  never  be  allowed  to  fall  in  a  stream  upon  the  a|M?x  or  point, 
which  is  likely  to  break  from  the  sudden  force,  out  should  l>e  directed 
against  the  side  by  means  of  a  guiding-rod,  as  shown  in  Figs.  12t? 
and  127. 


¥m,  m. 


Vm  r^r. 


*llii; 


\fjp. 


yUmtm  oC  poQElJic  IliitiUi  knlo  «.  $ltm  wllli  Uie  *ld  nf  *  (Uidlaf *n »• 


To  mmre  a  oootiououn  supply  of  liquid  to  the  filter^  a  liottle  eoii- 
taiDiDg  tlie  tlnid  mav  be  inverted  over  the  funnel,  in  the  nmnncr 
tthown  in  Fig.  104,  (or  supplving  menstnmm  to  a  penniUtor. 

Ft*r  filtration  nf  v^ry  volatile  lirjuids,  a  glass  tube,  bent  aa  in 
Fig.   I'J  '4  under  the  filler  againni  the  side  of  the 

funneh  *  will  prevent  the  tuU*  from  slipping  down, 
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Fig   WS. 


mr  froni  the  rtHt*ivmg-bottle  can  iva(lily  pass  up  tli rough  (lie 

Ptiiln,*.  which  shoiilU  rt'ach  a  liltle  above  the  paper  filter.    The  tiiimel, 

whirh   should   pass  air-tight  through  a  eork,  mu§t 

alsii  l>e  clijsed  hernietit-ally  at  the  top. 

OiM^sionally  the  tiltratitm  of  suhbtanees  which  are 
not  fluid  at  onjinary  tem|)eratnre  beeomes  necesssiry. 
aueh  JKS  mutton  snet,  wax,  iK'trohitutiu  ointmeiit9,etc.; 
this  can  l)e  etteettil  tither  i»y  menus  of  a  hot-air  funnel 
or  a  water* bath  funneJ.  When  hot  air  is  tu  be  used, 
the  funnel  containing  u  filter  is  susp^ndetl  by  means 
of  poiTelain  strips*  rn  a  heavy  tin  jacket,  which  is 
^nrr*nind»d  i>y  a  iMjpjver  ry Under,  an<l  heat  is  sup- 
plied from  a  lircular  low-power  burner,  a??  shown 
in  Fig.  I2^}j  tJie  hmted  air  e«jtHtinnally  circulating 
aroimd  the  finniel.  The  water-bath  funnel  consists  of 
u  glass  funnel  surrounded  by  a  double  tin  or  copjHT 
jacket*  as  shown  in  Fig.  1*30;  the  opening,  /*,  at  the 
topof  the  jacket  is  for  I  lie  purpose  ot  introclucing  hot 
waler,  and  tlje  projivtiug  tid>e,  c,  near  the  bottom,  for  keeping  up 
the  liHit  of  the  water  by  means  of  a  spirit  lamp  nr  gas  jet.  The 
projot*ting  rim,  e,  is  intendtMl  to  i>revent  any  water,   running  ovrr 


Gljiss  tube  wltb 
twi«(ecl  ttta. 


Fig.  im 


Fig.  1^. 


Qdl*«lr  Ibauel 


Seetioiuil  rliiw  of  bQi-w»ter  Cimtusl  wlib  cover. 


at  o,  from  entering  the  Ijuttle  or  veasel,  in  the  mouth  of  wliieh  the 
DL-ck  of  the  funnel  may   be  placed.     The  snUtamH?  to  l>e  tiUen*d 
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.should  first  be  completely  melted  and  then  poured  int<i  the  filter 
eontaiued  in  the  previously  heated  funnel,  which  must  be  kept 
(•r)vered  to  avoid  loss  of  heat. 


Fir..  132. 


Foam 
Klchanl'M  filter  pump. 

Fig.  VX\. 


Chapmau's  lUter  pump. 
Fkj.  \U. 


••l^-Ivr■•'  jilii-*-  tiller  pump. 


I'ortiiiiU*  lilit-r  pump,  uith  inanomeCer. 


Till-  rati"  of  filtration  of  a  ]i<|uiil  <-an  l>e  irifatly  increased  by  ex- 
lian>tini;  iIh»  air  from  tin*  fnniK*l-tul)t'  and  ro(rivinjr-l>ottle,  thereby 
inrn'M-^inL^  tlif  atmo-phcric  prcssun*  al)ovf  the  liquid  ;  the  ne<'e8sity  for 
tlii*«  o|H*ratii»n  «Mi-nr'i  mon*  t'n'«|nrntly  in  tin*  analyst's  lal Moratory  than 
with  phariii;ui-ts,  yet  an  arijiiaintanr.' with  tlif  apparatus  employe<l 
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(lc»simbl^^  Tf»e  exhaustion  of  the  air  is  tiflKliil  hy  means  ol'  uti 
a^pimtor  c'onne<-teil   with  a  wuter  supply   and  with   the  receiving* 

'bottle  by  rubber  tubing.  Figs.  131,  132,  133,  and  134,  repri^sent 
different  styles  of  filter  pninpi^ ;  as  seen  in  two  of  the  illustratiiiiL-i. 
suction  of  air  is  prociueed  by  forcing  water»  under  pre>isni*e,  thrcMigh 
a  ei»ntniete<l  space  whi^-h  conimiinieates  with  the  air  to  be  aspirattxb 
The  internal  constrnction  of  the  pump  shown  in  Fig.  134  is  ^imihir 
to  that  of  the  other  two,  but  the  water  which  enter*«at  w  is  di*<*hargetl 
at  i>  on  the  side  ;  hence  this  apparatus  can  be  used  at  any  desinxl 
point,  being  connected  by  means  of  tubing  with  the  water  supply 

Lmnd  sink  :  with  au**tight  con nwt ions  a  nearly  absolute  vacmini  can 

'be  obtuincit,  as  may  be  seen  from  the  indications  of  the  manometer 
attached  to  the  top  of  the  pump.  Whenever  filter  pumps  are  used, 
the  pressure  on  the  litpiid  filtering  becomes  so  gi^at  as  to  endanger 
the  Siifety  of  the  filter  point  \  an  extra  support  is  therefore  provide*! 
in  the  shape  of  a  finely  [verforated  platinum  cone  set  in  the  throat 
of  the  funnel  in  which  the  pa|K*r  (x>ne  is  platted. 

When  an  aspirator  or  filter  pump  is  used  in  connection  with  water 
drawn  from  the  city  supply,  a  very  annoying  accident  sometimes 
happens  w^hen  the  water  pressure  is  suddenly  reduced,  or  when  the 
pump  is  cut  off;  namely,  that  a  portion  of  water  is  drawn  up  into 
the  vessel  from  which  the  air  is  Ix^ing  a^spiratetl ;  this  can  l^e  guartled 

^against  either  by  interposing  another  vessel  l>etwet*n  the  pump  and 

'the  asjiirateiJ  vessel,  or  by  introducing  into  the  tulx*  connecting  the 
pmm)  and  vessel  a  safety-valve  as  designed  by  Wisli^'enus,  and  shown 
in  Fig*  135.  It  consists  of  two  glass  tubes  of  })eculiar  shajK*  fitting 
snugly  into  each  other  at  /,  the  bulb  being  well  coated  with  I'esin 

tcerate  J  the  tube  b  is  fitted  into  the  rubber  tul>e  attached  to  the  pump, 
lod  the  tube  a  into  the  tulje  attached  to  the  vesseb     At  r  a  solid 

Feoft-rublier  ring  re^ts  in  the  upper  part  of  the  tuJ>e  b,  and  clo;*es  the 
ftiime  air-tight  as  soon  as  suction  is  estiiblisheil  ;  while  at  o  there  is  an 
oj)euing  in  the  ch>se<l  end  of  the  tul>e  A,  which  is  covered  with  tliin 
eheet-nibber,  as  show n  in  Fig.  135.  As  soon  as  the  suction  of  air 
ceases  fn^m  any  cause,  the  opening  at  o  is  tightly  closed  by  the 
nil»lM^r,  and  no  water  can  enter.  If  any  water  is  dniwn  up  into  n,  it 
is  emptie<l  by  wit  lid  rawing  the  tube  a,  tlie  rublwr  ring  betx)ming 
looee. 

For  rarefying  tlte  air  under  filters  when  water  pressure  is  not 
available,  a  simpler  (Hjntrivanoe  may  be  resorteci  to,  as  shown  in  Fig. 
136:  the  water  flowing  from  the  upper  to  the  lower  Ixittle  with- 
draws air  from  the  ri*ceiving-fla^k,  and  by  simply  changing  the  lx»t- 

I  ties  when  the  uj^ner  one  becomt^  empty,  the  opc^ratitm  may  Ix 
eontiuueit  tor  any  length  of  time,  the  air-tube  being  closed  by  means 
of  a  pinchcock,  while  the  lx»ttles  are  being  changed.  Ordinary 
dve-gallou  castor-oil  cans  may  be  (Tonvenienlly  usetl  in  phuv  *>f 
bottles. 

The  turbidity  of  some  lirpiids  is  caused  by  suspension  of  matter  in 
60  finely  divided  a  form  that  it^  removal  cannot  be  et!eeted  by  thr 
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ordinary  methods  of  filtration,  and  recourse  must  be  had  to  the  inter- 
position of  some  other  substance  to  render  the  liquid  perfectly  trans- 
parent and  clear ;  in  such  cases  paper  pulp,  calcium  phosphate,  and 


Fig.  1A\ 


FlO.  188. 


-    O 


Fiii.  I;i.'i.  -  Wislicenn"  safoly-viilvc. 

Fii..  ]:*/>  -Kilic'rliii;ti|*{iHnitut«.  a  tiinl  b  art*  two  Iari;e  tioilU's  connected,  u  indicated  in  the 
•Iniu iMK,  )'>'  H  narnm-  Imlia-niMivr  \\\W  with  thick  \^alls.  The  iipitcr  bottle  sliouid  be  pUced 
ns  hiKii  a<^  it»!<i)>le.  «'  U  a  l*()ttle  into  which  tlie  tilt  rate  Is  to  fiass.  The  interior  of  this  is  in 
foiinfctioii  with  '( t>y  a  tliiclc-wallLHl  tulje,  d.  Into  the  stoiiiier  of  c  the  ftinncl  e  is  fixed,  and  at 
it>a]>t.*x  Iti-^aoiiiail  }iirfoniie<l  platinum  cone./<  which  RiipiK>rti<  the  apex  of  Uie  filter  when 
Tlic  mirrior  i>l  c  i>  |wirtially  cxhan>li.-4l  Ity  the  <ll.M-hanrc  of  the  water  in  a  into  h. 

piiriiinl  talriini  foiin  oxcollmt  filUTii)^  ine<Iia.  Pa|Kn*  pulp  is  readily 
prrpanMl  from  siraps  of  liltcriii^  papiT  by  tn*ating  them  with  hot 
watrr  in  a  inortar  nr  with  active*  a^rilatimi  in  a  botllo.  When  the 
paper  lias  Imtouh*  tlionniirhly  pnl)HMK  tin*  (•xit's>ive  moisture  may  be 
i-fniovMl  by  fxpnssion  in  a  cl<»an  rlotli,  after  wliicli  tbc  pulp  may  be 
a<l<li'<l  tn  tlic  li<iui<l  t<»  In'  tiltcrfil  and  thorout^hly  incor]K>rated   by 
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agitation.  The  finely  divided  paper  pulp  forms  a  layer  on  the  sur- 
face of  the  filter,  which  effectually  prevents  the  passage  of  minute 
particles  of  insoluble  matter  by  absorbing  these  into  its  own  fibre. 
For  acid  liquids,  finely  shredded  asbestos  is  preferable. 

Immiscible  liquids  can  be  conveniently  separated  from  each  other 
by  pouring  the  mixture  into  specially  constructed  apparatus  known 
as  separators  or  separatory  funnels  (see  Figs.  137  and  138),  and  after 


Fig.  137. 


Fio.  188. 


Glasa  separator.    ( Funnel  sbaiie.) 


Glass  separator.    (Globe  shape.) 


the  liquids  have  separated  into  distinct  layers  by  reason  of  their 
different  specific  gravities,  withdrawing  the  lower  liquid  by  carefully 
opening  the  stopcock  in  the  tube  and  allowing  it  to  flow  into  a 
suitable  receiving  vessel. 

Decantation. 

Deoantation,  or  the  process  of  jx)uring  a  fluid  gently  from  one 
vessel  to  another,  is  employed  in  pharmacy  more  particularly  in  con- 
nection with  the  washing  of  precipitates ;  sometimes  it  is  resorted  to 
for  the  .separation  of  immiscible  li(|uids,  but  se|)aration  in  such  a 
caise  can  never  l)e  so  complete  as  by  the  method  explained  alwve. 

All  precipitates  when  freshly  obtained  by  double  decomjx)sition  of 
two  soluble  substances,  are  more  or  less  contaminated  with  a  solution 
of  the  other  newly-formed  salt ;  to  remove  such  impurities  the  pr(Kt^"S 
of  washing,  which  consists  in  treating  the  pre<Mpitate  re|)eatcdly  with 

10 
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frf>h  i>#rtion=?  of  water,  i*  enipl»»yed.  Thu?,  wheo  solatioDS  of  l€«d 
niiratfr  and  {lotas^iiioi  iudide  are  mixed,  the  Dewly-formed  lead  iodide 
i«  d«r{M>ited.  while  pMa^sium  nitrate  remains  in  sohition.  and  must  be 
rfrfijov^d  l^fr»re  the  precipitate  can  l>e  dried.  The  thorungfa  washinj^r 
<A'  pre*ipitater  is  a  very  imi>ortant  o|)erati«>n,  which  may  be  performed 
l»y  rj<»ijiiuue<l  treatment  with  water  on  filters  and  cloth  straiDers,  or 
I'V  allowinjr  the  li«jiiid  in  which  the  precipitate  wa«  formed  to  settle 
i-*»iu\yi*'XiAy  \u  snitahle  vessels,  det-anting  the  clear  supernatant  fltiid, 
ad'liij;:  -riicir.'f-ssivc  jK^rtions  of  tVesh  water,  and  again  deitintiog  after 
<-a' li  :5^ttlf'iii*-nt :  it  is  essential  tiiai  the  fresh  water  and  precipitate  be 
\\^\\  ijiix^l  \ty  stirriiiir  or  azitatii»ii  art4-r  each  addition. 

Tli*r  de«tintiition  ot  a  fluid  i<  not  always  so  simple  an  operation  a^^ 
it  iiiay  -^-^  iji  :  th*.-  sha|>e  and  size  <jf  the  ves-^I  from  wliich  tlie  liquid 


t;i;-  Ti 


!'" 


I,  til"  natun*  ot"  tin-  li.juid  ami  tlu-  height  to  whirh  it 
.  all  intliiMi***  tli»-  tImw  n\'  tliv*  li«jnid.  When  the  fluid 
I'.  l»*  •I«<':uit»-«1  ;•«  wall  r  ••!•  an  aMih-ous  >olution,  and  the  vessel  not 
%•  i\  ;arj«.  •ith'  r  "Aith  or  without  a  li|Mln' siin|>Kst  plan  is  to  transfer 
!i."  li.,M.'i  with  t:i«'  aM  of  a  .:1a--  dmI.  as  slmwn  in  Fig.  I;i9.  The 
■j.i'i:!!::-!-!  pHv.  nt-  tlj<'  -plittin^^  ot'  thr  nirn-nt  of  the  liquid,  to 
i-  i|ii«  }\.*'  \\*  !l-kiio\\n  |>li»iHniH'ii<»n  of  li.juids  running  l>ack  on 
vr—  I  from  whirh  iliry  an-  pourtil.  When  the  vessel 
I  .jiril  i-  I..  U-  pounil  i«*  too  larnr  or  t*M>  full  of  liquid 
iij'-in-.n  with  thr  aid  of  a  «:Ia«»<  nni,  the  liquid  may 
tImw  ill  .1  -..rmwhat  'Mhtract*  tl  l»iit  si»l:«l  stn*am  by  greasing 
t1..-  v.—-!  with  a  littl«-  r<--in  <Tiatr,  \vhi<-h  prevents  adhe- 
-:..:i  •■:  •!.•■  i-.-i-.:-!  ?-•  th*-  'jl:t--  and  «'nal»l»<  ihi- lon-r  of  ci»hesion  to 
ki-  ji  T;.'  J  a-t  '  !•  -  '•:'  ii-juid  nnii.^i  :  Fi:;.  1  !<»  illii<tral«'s  the  o|>eration. 


th-  -:«!<-  ..:'  tl.f 

trnrii  -A  hi-  f;   tl..- 

t  .  adfiiit  ..♦   d.-. 

1^-  l:>:i 

til"  r 
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Sometimes  an  instrument  called  a  siphon  is  employed  to  draw  oiF 
the  supernatant  liquid  from  a  precipitate,  the  method  being  par- 
ticularly desirable  if  the  pre- 
cipitate is  light  and  easily  fio.  ho. 
disturl)ed  by  handling  the 
vessel ;  the  simple  construc- 
tiou  of  a  siphon  is  shown 
in  Figs.  141  and  142.  The 
two  limbs  of  the  glass  tube 
are  of  unequal  length,  the 
shorter  one  being  immersed 
in  the  liquid ;  it  is  manifest 
that  if  the  air  be  entirely 
withdrawn  fi*om  the  tube  by 
suction,  the  liquid  will  rise 
and  fill  the  tube,  owing  to 
the  pressure  of  the  atmosphere 
on  the  surface  of  the  liquid. 
The  flow  of  the  liquid,  having 
Ijeen  started,  will  continue  by 
reason  of  its  downward  tendency  or  gravitation  aided  by  atmos- 
pheric pressure,  until  it  falls  below  the  mouth  of  the  shorter  limb, 
or  uutil  that  in  the  receiving  vessel  rises  to  the  level  of  that  in 


Decantation  with  aid  of  a  greased  rim. 


Fio.  141. 


Fio.  112. 


Plain  giphon. 


Glass  siphon  wiih  lateral  suction  tube. 


the  vessel  from  which  it  flows.  A  plain  rubber  tube  can  often  be 
useil  with  advantage  as  a  siphon,  remembering  that  the  end  of  the 
tubing  out  of  the  liquid  should  always  reach  lower  than  that  in  the 
liquid,  so  as  to  insure  a  continuous  flow. 


Cleiriflcation. 

Clarification  is  a  process  of  separation  designed  to  render  cloudy 
or  turbid  liquid  transparent  by  means  other  than  those  thus  far  con- 
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^itlertil ;  it  is  gt^nemlly  effeotc^l  through  the  aj>;<"ncv  of  heat ;  in 
iiisUmet',  huvvi'ver,  the  BCparatcd  ilititurbiii^  eletiR^ut  must  i^ulMt.'- 
tjtietitly  i»e  reinoviHl  hy  filtmtioii  or  rlecantation.  Tiie  \\mH\  ehamii<*r 
of  some  lit|uklfe  renders  the  various  methods  of  tilt  ration  impmeli- 
cable;  whereas  die  mere  applimtion  of  heat,  l>y  inereamng  their 
fluidity,  enables  the  sunjiended  partiek*s  of  solid  matter  to  separate 
spontaneously,  some  rising  to  the  siirfaee  while  others  sink  to  the 
bottom  ;  if  ihe  liijuid  be  lilhiwed  t€>  remain  at  |R^rfeet  rest  while 
se|iaratiou  i.*^  goin^i:  on,  the  ligliter  particles  will  form  a  layer,  whiHi 
(nn  often  be  completely  remove*!  witli  the  aid  of  a  skimmer,  while 
tlie  heavy  st^dimentary  matter  is  reiidily  retainc-d  on  a  cloth  strainer. 
Honey  and  balsitm  of  fir  may  he  treated  in  this  mannen  Saline 
solutions  eoneentrated  for  the  purpo-^e  of  erystal ligation  are  fre- 
queutly  tx>iitamiijated  with  dust  and  other  foreign  raatt^er  which 
parses  freely  ihrongli  (*loth  and  pa|)er  tiltt*rs;  they  may  l>e  readily 
clarified  by  adding  paper- pulp  (see  page  144),  which  effectual ly  re* 
moves  the  fine  particles  of  dirt  from  the  boiling  liquid,  by  enveloping 
them  in  its  mvn  fi l>i"e  and  retaining  them  on  tlie  strainer. 

Other  substances  addetl  to  turbid  liquids  in  order  t*»  effect  clarifica- 
tion  are  egg-albunren,  gelatin^  and  milk.  White  ^A'  ^^^^  or  albumen, 
poss<*sses  the  profierty  of  coagulating  or  solidifying  when  heate<l  to 
about  80°  C.  (170"^  F.),  therefore,  wdien  they  are  addtj  to  liqnidii 
and  then  heated,  any  solid  matter  impairing  the  transparency  of  the 
liquid  will  be  enclosed  in  the  coagidumi  tbrmed,  and  can  then  be 
removid  by  straining;  some  vegetable  solutions  prefjareil  with  cold 
a<iueous  menstrua  contain  albuminous  matter  originally  present  iu 
the  drug,  wlTu^h,  upiin  lieating  to  the  !mi ling-point,  is  coagulated, 
and  ia  thus  gotten  rid  of,  as  in  the  cajac  of  extract  of  gentian* 
Albumen  is  prefcnibly  mixcxf  with  a  little  water  before  aihling  it  to 
the  liquid  to  Ix*  clarified,  and  then  thoroughly  incorjMjrate*!  with  it 
before  heating.  Since  albumen  forms  ins<»luble  tHjmpounds  with 
some  plant  constituents,  it  must  be  judiciously  employed,  lest  the 
active  principles  containetl  in  a  li<|uid  Ik*  removed  by  it.  When  the 
turbiility  of  a  liquid  is  due  to  tannin,  gelatin  is  generally  iirtdbrnHl 
a£$  a  clarify ing  agent ;  it  is  used  like  albumen,  and  forms  insoluble 
tantmte  of  gelatin,  or  leather.  Milk  18  esiiecially  adapted  to  clarify- 
ing  acid  liquids,  as  the  csisetn  of  the  milk  is  coagulated  by  the  acid, 
nnd  tlnm  the  impuritie.^  are  i-enioved  by  becoming  enveloped  in  the 
cuaj|rulum. 

i^^'larifiealiou  of  liquids  may  nho  be  effected  by  fiuljsideuoe  and  fer- 
mentation ;  the  former  is  often  applied  to  fixed  oils,  which  are 
alloweii  to  remain  undistnrbc<l  in  tigllitly  closed  c<jntainers  for  somt* 
time,  so  that  alliuminouM  matter  derivcil  from  the  sc*ed  may  gradu* 
ally  sefiarate  and  settle  to  the  bottom.  Fruit  jtjic^s,  «s  a  rule,  <x>n- 
taiD  certain  principlei  which  tend  to  irnder  them  Houdy  and  unsiglitly, 
but  which  can  be  removi^^l  by  fermentation  at  a  mo<Iemtc  temp'ralnre, 
about  2'^    < '  '^'^'  F':  tljeinatter  thussei«mited>5cttlcs  to  the  l>«»ttom 
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and  the  clear  liquid  may  be  dniwa  ofl*  by  means  of  a  siphon  or 
other  wijsc. 

Decoloration. 

DeeoloratioD,  as  tlje  natne  iiidieaCej^,  h  a  process  for  the  removal  ul 
ooU>r  fr4>m  lujuids,  and  i?i  praetineil  on  a  large  seale  in  sugar  refineries. 
For  jiharmaceutieal  purpose^  it  is  chiefly  <H)nfine*I  to  sohitious  uf 
orgauie  acids,  alkalies,  and  neutnil  priin-iples.  The  most  efteetive 
dettjlorizing  agent  is  animal  eharroal,  made  either  from  bone  or  Ijlood  ; 
oi-dinary  bone-black  require?  pnritic^ition  by  means  uf  hot  hydro- 
chloric acid,  whereby <!ertaiu  lime-salts  are  remove<:L  Animal  char- 
f\>al  is  preferably  used  in  a  granular  condition,  and  its  utility  as  a 
ii{HxAi>r\'Aer  dej^enditj  ujxm  its  porosity  ;  unfortunately,  charcoal  also 
absorlis  other  matters  held  in  solution  l)esides  color,  and  this  may 
nex-asiou  loss  of  valuable  constituents  unless  the  charcoal  is  subse- 
quently washetl  with  fresh  menstrnm.  Tlie  usual  method  of  employ- 
ing animal  chartHial  is  either  by  digesting  it  with  the  licpiid  to  be 
dei'olorizetl,  or  by  allowing  the  latter  to  pei*colate  slowly  through  a 
column  *»f  the  cl»areoal ;  in  the  former  case  the  liquid  requires  sub- 

luent  tiltratiou. 

Expression. 

Expression  is  a  process  of  separation  which  recpiires  the  exerdse 
'  more  or  less  force,  since  it  is  employed  in  those  cases  where  the 
Iniount  of  liquid  is  small  cora- 

|>are<l  with  the  quantity  of  solid  fi"  a^. 

nmtter  to  lie  removal ;  as,  for 
instance,  in  the  pi-eparation  of 
fruit  juice's,  tlie  cxpri'ssion  of 
macvrattii  drugs,  or  the  recovery 
of  menstruum  that  may  have 
been  retained  by  the  marc  in 
[jercolation  when  water  fails  to 
force  it  through.  For  the  pur- 
jH>ses  of  the  pharmacist,  the 
tincture  prt^ss.  Fig,  I43»  and 
the  Enterprise  Press,  Fig.  H4^ 
will  be*  found  very  serviceable : 
in  the  former  the  suljstauce  to 
be  cxpresHHl,  having  ixt'u  |iut 
into  a  Kuitable  (*anvas  or  pn'ss- 
cloth  bag*  is  plantl  on  a  |k-j- 
fonitt*<l  disk  in  a  |M)rcM4ain-lined 

iron  <y'!indcr,  pn\ss!u*e  I  wing  |»rodut*ed  l)y  means  of  a  lever-screw 
U-aring  niwm  a  plate  on  top  of  the  bajj.  Tlie  expressed  liquid  flows 
out  through  tijc  tip  attaihetl  to  the  cyliuder.  The  Enterprise*  Press 
U  oj»enitt<l  without  the  use  of  juess- cloths,  the  material  to  Ik^  ex- 
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prohfted  lK?ing  fetl  directly  into  tlie  lM4>[^>er  cuirjinimleating  with  ii 
ta^>erin>;  (Tliiuler  containing  a  large  screw,  tlie  tlii*ea<I  uf  which 
gradually  diniinislieH  in  size  towaitl  ihc  smaller  end ;  the  cylinder  is 
provided  with  a  perforate*!  phiie  in  the  bottom,  and  the  material  is 
a>mprt^fe!3ed  r»y  means  of  the  tapering  .screw,  which  is  turned  with  a 
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erauk*  The  dry  residue  is  discharged  througli  an  o|)eiiing  in  the 
^mall  end  of  the  cylinder,  and  the  liquid  exprej^sed  flows  out  througli 
the  jicrforated  plute. 

Another  meth<j<l  of  separation  is  that  effected  hy  means  uf  centrif- 
ugal niJichini^^  which  are  extensively  employed  in  manufaetnriiii^ 
estnlili-^hnn-nt!?  f<»r  washing  and  drying  crystals  as  well  an  for  the 
rapid  witliilrawal  t»f  rnoisttirc  in  tlic  drying  of  certain  precipitates 
and  fabric!?*.  The  apparatus  n^iietl  consists  of  n  metal  drum  or  cylin- 
»ler  having  a  solid  bottom  but  o|*c*n  at  the  top,  and  provided  with 
jwrfomlt'd  sides,  wldc'li  revolves  on  its  own  axis  inside  of  a  larger 
stationary  cylinder  supplied  with  a  cover  to  kc*ep  out  dust,  and  an 
outlet  1ul>e  at  the  bottom,  through  which  tlie  liquid  coming  from  the 
inner  cylinder  is  allowed  to  flow  out;  sometimes  the  j)erforated  siiJea 
of  the  inner  cylintler  are  ctivenxl  wttli  boltingn^loth,  acetinling  to  the 
suljhtance  to  be  ojjerated  upon,  and  the  rotary  motion  is  impaited  to 
the  cylinder  from  below  by  means  of  stwim  power.  The  ^'altie  of 
rentrifugal  machinc*s  dc}K?nds  upon  the  velocitv  with  w*hich  the  mate- 
rial tu  Ih»  ccntri(ngaiize<l  is  hurlKl  around  anrl  against  the  |HTfonit«!<I 
iide«,  the  rcvobitiouK  usually  running  as  high  as  2<.K>»  or  -^OOO  and 
even  more  per  triinute;  th<'  stnMig  dmft  of  air  crcJitHl  lH*twii*n  the 
whI1«  of  the  iiuKT  and  outer  cyl in* lei's  by  stich  ra|>id  revobition  effecU 
drying  uC  the  material  mon'  thoroughly  than  is  possible  by  expres- 
»ion  or  other  nu*nu8.  The  use  of  (Tiitrifugal  nnichini^  is  lifi5M>d  on 
the  welbknown  laws  of  motion  and  iiMTtiii,  acfHirding  to  which  a 
LmIv  put  in  motion  continuf's  in  aMraight  line  unhss  turne<l  (roni  ttfi 


VOLATILE  MATTER, 


ISl 


Fn;    HV 


jnitli  bv  some  external  force,  an  J  thus  liquids  r.*an   readily  be  t^eiia- 
nittnl  from  solids  wlicn  a  mixture  of  the  two  is  dashed  aguinsta  finely^ 

perforated  surfaee.  In  sugar  re- 
tinenes,  i^entriltjijalizing  U  the  only 
guital)le  nieth<:Kl  kno%vn  for  ^pa- 
rating  tlie  granulatt^J  sruijar  from 
the  viscid  mutlier  liquor  or  nio- 
ltts$c*s.  For  speeial  use  in  the  phar- 
macist's laboratory,  small  eeutrifu- 
giil  inaehines,  to  be  operates  I  by 
hand,  have  V>een  devisetJ  ;  the  outer 
eyliuder  is  usually  made  of  enam- 
elled iron  while  the  inner  prforated 
cylinder    is    made    of  poirelain ; 
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OsQlrlftiieA)  «op«r«tor  wllh  cover  (for  hand  power). 

th»jQt*  in  which  motion  is  supplied  from  above  are  frecjuently  pro- 
viiled  with  a  rover  for  the  inner  cylinder,  while  in  those  openitinl 
from  Ix^Iow  a  cover  is  tittt-*!  to  ttie  outer  cylinder,  lu  Fijj^s.  145  and 
146  are  dhown  two  styles  <>fhand|Miwer  machines. 


Dialysis. 

IHalysis  is  a  prooeis  of  3e|mration  which  differs  entirely  from  those 
lidere<l  thus  far,  in  ni»t  aimini^  at  the  n?moval  of  insoluble  matter 
i!udi^l  in  a  liquid,  but  at  liriniriug  about  a  separation  ix^ween 
Solveutx  and  matter  held  by  (hem  in  sohuitin  ;  also  l»etween  different 
kinds  of  matter  held  in  solution  by  the  sjune  solvent.  It  is  a  prac- 
tiail  npplictition  of  the  prineiple  of  osnirms,  and  is  due  solelv  to  pur- 
farr  action  an*l  the  ilitlerence  in  drWiiHibility  of  various  suljstiiDtT^. 
.The  won!  dialysis  U  derivixl  from  the  Ciivek  v«Tb  ,Uu>»ntf  to  jxzrt 
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OMunfler^  to  loose  one  from  another^  and  was  afiplunj  by  Pn»f.  Gniliatil, 
i»f  Eugtanrl^  to  tbe  method  of  separation  iliseovt^rtid  by  him  in  1801. 
The  prfieerjs  otmsi^ts  in  jilaein^  a  solution  of  the  siibslancM*s  to  be 
separated  on  a  |>orou9  diaphrn^iu  and  susjH'iidiii^  this  in  pure  water; 
oemoeis  is  establishKl,  anii  *  ertiiin  ,sul>8(anix*s  will  pass  ihrmij^h  thi? 
diaphragm  into  snlutioii  in  the  water,  while  others  will  remain  ou  the 
diaphragm,  the  rapidity  of  ditf'nsion  l>eing  in  proportion  to  the 
strength  of  the  solution  and  increasing  with  the  rise  in  temperature* 
Prof.  Graham  discoverer!  that  crystallizable  substances  passed  through 
the  diaphra^^m  freeh\  while  amorphcms  bmUc^s,  such  a*?  gums,  starch, 
gelatin,  etc,  eitlier  did  not  diffuse  at  all,  or  only  very  slowly  ;  he 
applitd  the  name  crynidtUoid  ire&}mhVwg  crystals)  to  all  sul>stances 
thui*  ca liable  of  diffusion  through  a  septum,  and  the  name  colloid 
(resembling  glue  or  jelly)  to  tliose  suljstaucea  remaining  on  the 
citaphragm.  All  colloids  are  amorphous  or  non-crystal lizable,  but 
all  crystalloids  are  not  necessiirily  c*ii|mble  of  crytallization,  us,  for 
instance,  hydrochloric  acifl,  the  most  higldy  diffusible  bmly^  and 
many  tJthers.  By  rn<aus  of  dialysis,  .su«:ar  can  Ik*  readily  se[)aratHl 
tVom  gum  or  starch,  jje|>sjn  fr<jrn  peptone.s,  inm  s^hn  from  irono^cide, 
etc.  Thus  tlie  prtn-ess  has  become  most  valuable  to  manufacturers, 
whibt  the  analyst  often  find?^  dialysis  the  only  means  for  determining 
the  pre?»ence  of  certain  substance's  in  c^omplcx  vegetable  solutions,  as, 
for  in*itance,  arsenous  acid,  corrnsive  meivuric  chloride,  or  pulassium 
iodide  in  compound  sarsajiarilla  mixtures  and  other  prt>piieiary 
medicines,  where  the  dark  color  and  complex  nature  of  the  solutioD 
preclude  all  other  methmls  of  separation* 

The  apf>aratU5  U8«?d  for  dialysis  la  of  very  simple  construction,  m 
shown  in  Figs,  147  autl  14h.  It  consists  of  n  circular  glasf*  vt*s^l, 
with  flat  bottom  and  of  cxmvenient  size,  al:^o  another  smaller  circular 
but  bottomless  vessel  of  hanl  rubber  or  glass,  having  a  projecting 
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rim^  over  which  h  strett^hcil  a  piece  of  bladder,  parchment,  or  pan^h* 
ment  paper  '   l»il»).    The  latter  constitutes  the  dialyser  projier, 

and  into  it  i  the  solution  to  be  dialysed,  to  the<lc|ith  of  about 

une-haH  or  ilm^'ipiartrrHof  an  inch,  after  which  it  is  floati»<l  in  distilled 
water  etmtnrntHi  in  the  other  larger  veswi.  In  Fig*  148  the  glass 
dialyi$er  is  provi^h^l  at  tlie  to|i  with  a  broad  rim  which  rests  ujiou 
the  edgir  of  the  outer  vess<»l,  and  thus  »«Tve?*  as  a  cover  to  protect  the 
wilier  ngiimtt  dup«t,  etc.     lu  plaf-e  of  the  foi-egoiug  convenient  apjm- 
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ratus,  an  ordinary  clean  hog  or  beef  bladder  may  be  used ;  the  same 
should  be  three-fourths  filled  with  the  solution,  and  then  suspended 
in  a  large  vessel  of  water. 

Diffusion  in  a  dialyser  will  not  take  place  unless  the  porous  mem- 
brane or  septum  is  in  contact  with  water,  and,  moreover,  its  limit  will 
bo  reached  when  the  water  on  the  outside  becomes  charged  with  such 
a  quantity  of  crystalloids  as  to  render  the  strength  of  the  solution 
identical  with  that  in  the  dialyser ;  hence  it  is  necessary  that  the 
quantity  of  water  in  the  outer  vessel  be  much  greater  than  that  of 
the  liquid  in  the  dialyser,  and  that  it  be  renewed  from  time  to  time. 
The  crystalloids  from  a  10  per  cent,  solution  of  sugar,  salt,  or  hydro- 
chloric acid  will  readily  diffuse  through  a  septum  if  the  latter  is 
placed  in  contact  with  water,  but  no  diffusion  whatever  will  take 
plac^  if  the  dialyser  be  floated  in  a  10  per  cent,  solution  of  the  same 
substances.  While  the  rate  of  diffusion  varies  greatly  for  different 
substances,  it  was  found  by  Graham  to  be  uniform  for  isomorphous 
bodies ;  that  is,  those  having  exactly  the  same  crytalline  form. 

The  colloidal  residue  remaining  on  the  diaphragm  is  termed  the 
dialysate,  while  the  solution  of  the  crystalloids  that  have  passed 
through  the  membrane  is  known  as  the  diffu^ate. 


CHAPTER   X. 

SEPARATION  OF  VOLATILE  MATTER. 

Advantage  may  l)e  taken  of  the  volatility  of  some  8ul)8taDoes 
for  the  jMirposc  of  separation,  and  by  their  vaporization,  either  of  the 
following  objects  may  he  attaine<l : 

1.  The  separation  of  a  volatile  liquid  from  a  solid,  with  a  view  of 
retaiiiinj^  the  solid  substance,  or  of  one  liquid  from  another^  to  obtain 
the  less  volatile  ;  in  such  cases  the  process  is  termed  evaporation. 

2.  When  the  separation  of  liquid  and  solid  sul)stance8,  by  means 
o(  evaporation,  is  carrie<l  to  complete  dryness,  the  process  is  more 
j>articularly  designated  as  desiccation  or  exsiccation, 

3.  The  separation  of  a  volatile  liquid  from  either  a  less  volatile 
liqui<l  or  a  solid,  in  order  to  obtain  and  preserve  the  volatilized  liquid 
for  future  use;  the  procress  is  then  known  as  distillation, 

4.  Tlie  sei>aration  of  a  volatile  solid  from  either  a  liquid  or  a  solid 
which  is  more  fixed,  the  object  sought  l)eing  the  volatilized  solid  IkxIv  ; 
this  proc*ess  is  termed  suftliviation. 

Evaporation. 

In  the  practice  of  pharmacy,  evaporation  is  extensively  resorteil  to 
for  the  concentration  of  vegetable  an<l  saline  solutions,  the  latter  with 
a  special  view  to  sul)se<iuent  crystallization,  and  the  laws  which  con- 
trol the  process  should  be  well  understood.  Evaporation  may  be 
divideil  into  four  kinds;  namely,  evaporation  over  a  naked  fire,  on 
:i  water-bath  or  steam-bath,  in  a  vacumn  apparatus,  and  spontaneous 
♦  vaporation.  Evaporation  over  a  naked  fire  is  ett'ected  by  the  direct 
ra<liation  of  heat  from  a  fire,  on  the  bottom  of  an  un<x)vere<l  dish  or 
pan,  and  is  available  when  the  substance  in  solution  is  not  injuretl 
by  ilin'tt  heat  or  high  tcm|M'rature ;  it  is  usually  employed  for  the 
i-i»neentration  of  saline  solutions  tbr  crystal liziition,  but  only  when 
the  li(|iiid  tt»  be  vaporiz<Ml  is  water.  When  <'vaporation  at  tempera- 
tures briow  that  of  boilinj:  water  is  desire<l,  the  low-|)ower  bunier 
-liown  km\  pa^e  7o,  may  be  use<l  with  advantage. 

Evaporation  on  a  water-  (»r  steam-bath  i-*  the  metluKl  most  fro- 
qut'Utly  psorte<I  to  ;  the  latter  <*an  also  be  einploye<l  for  rapid  coucen- 
tratii>n  of  solutions  at  a  high  teni)KM*ature,  without  the  danger  of 
injury  from  din'<-t  heat  of  thr  tire.  Evaporation  at  temperatures 
U*l«.w  100*^  <".  CJl'J^  F.)  is  etli^'ted  on  a  water-bath,  and  is  conHmnl 
to  \\\v  ^urfa«'e  »»f  the  li(juid  :  this  \<  th<*  method  chosen  for  the  con- 
centration of  ve;:i'tablf  and  other  solutions  liable  to  Ik?  injureil  by 
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beat  at  or  above  that  (if  hollin)^  water  and  when  more  volatile  »oU 
vents  than  water  are  present.  Wlieiiever  a  liquid  is  to  be  evaporated 
at  a  temjieniture  l>elti\v  its  l>oiling-puint,  rapidity  of  evaporation 
will  de|HMKi  njK>n  the  extent  of  surface  €\\'i)osed  to  the  air,  since 
the  ft ir matron  of  vaj>i>r  lakes  plaice  only  at  the  surface  ■  hence 
broad  shallow  vesst»ls  are  to  he  preferrc4l.  During  the  boiling  of 
lifpiifU  the  mte  of  evaporation  depends  (the  source  of  heat  l>eing 
ix>u.<taiit)  entirely  upon  the  extent  or  surface  to  wfiich  heat  is  applied, 
since  the  more  numerous  the  points  of  <x>ntact  of  the  vi^ssel  witli  the 
gouHH'  of  heiit  the  more  ra[»id  must  l>c  the  formation  of  vapor,  and 
ubulhtion  is  but  the  pheuomenon  of  the  rapid  drsengagt^meiit  »»f 
vapor  from  the  interior  of  a  licjuid 

Evapitratiou  in  vacuo,  feeing  comlneletl  under  grtnitly  rtiUicHl  pres- 
suns  h  adnumbly  adapte<I  to  the  c^incentnitiun  of  li<juids  lufldiug 
vegetable  matter  in  sohitrtm,  but  is  employe<l  otdy  in  large  munidac- 
tnring  eslablishments,  owing  to  the  com  pi  it^ ted  and  ex|K*nsive  appa* 
rat  us  neces^ry  for  the  ojieration  ;  the  process  insures  rapid  evaporation 
at  a  low  tem{>eniture,  without  the  possil>ility  of  injury  irom  conta<-t 
with  the  air.  In  sugar  refineries  weak  sact»harine  solutions  are 
rajiidly  concentrated  in  vacuum  pans  to  avoid  tHjloratiun  and  inver- 
won  of  the  sugar.  For  the  preparation  of  fluid  and  solid  extracts^ 
eva]M)ration  in  a  vat'iuun  apparatus  oflers  advantages  uot  olitainable 
by  any  other  methrnl,  as  a  low  temperature  and  complete  exclusion  of 
air  insure  the  intention  of  soluble  matter  in  its  original  ft^rm  as 
extracted  frouj  the  drug.  The  vacuum  apparatus  consists  of  an  air* 
tight  lK>iler  connected  wnth  a  steam -bath  and  an  air-pump  oi)eratc<l 
bv  machinery,  for  exhausting  the  air  and  vapor. 

Spontaneous  eva]K»nition  pnx'eetls  naturally,  without  the  u*^  of 
external  force,  and  consists  in  allowing  vaporization  to  take  place 
at  the  ordinary  temj^erature.  It  is  due  to  diHunion  of  ihe  va}>or 
of  the  liijuid  into  the  surrounding  atmosphere,  and  its  rapidity 
dc|)ends  upon  the  dryness  and  temi)eiature  of  the  air ;  the  most 
eflwtual  mt*ans  of  promoting  it,  therefoit?,  is  to  allow  a  current  of 
warm,  dry  air  to  pass  over  the  surface  of  the  evaporating  liquid,  as 
this  will  remove  the  su|)erincumt>eDt  air  as  soon  as  difiusion  into  it 
has  taken  place 

The  most  <lesirablc  eva|K»rating  dishes  for  ^enenil  use  arc  those 
known  as  R<iyal   li<*rlin  |Kircelain  ware  (set*  Fig*  140);  they  resist 

sudden  changt^s  in  tempTature  l>etter 
than  other  eartlicn  vessels,  and  pos,^'s- 
iUt*  gn^at  advantage  of  not  lieing  prut*  - 
able  by  c.*olontl  Huids.  When  used  over 
dire*'t  fire,  a  picc?e  of  wire  gauze  sliould 
Im^  interpost*d  between  the  Hame  and 
the  disli,  so  as  to  distribute  the  heat 
lw»(t»trri  of  thi*  vess«*l  and  prevent  thf 
oe  from  striking  any  iKottciilar  point.  As  glass  an^l  poiH>ehiiii 
^4SiieIii  are  liable  to  cnick  when  nuddeuly  lirought  in  contact  with  a 
oold  aarfaoe  after  having  been  heated,  it  will  prove  economical  to 
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place  them  on  straw  rings  or  rnbber  grommets  (see  Figs.  150  and 
151),  when  hot;  these  also  serve  admirably  as  supports  to  prevent 
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Sraw  ring  for  siipiiortinj;  ilisbeM  hiuI  flaskn. 


Grominets. 
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tilting  of  round-h(»tt<)m  dishes  and    flasks.     Grommets  are  easily 
made  hy  forming  rublxTtuhing  into  a  circle  and  uniting  the  ends  by 

means  of  a  wooden  ])lug;  three  short 
pieces  of  similar  tubing  of  larger  sise 
arc  then  placed  oneover  the  joint  and 
the  others  at  e([ual  distances  apart, 
which  arrangement  permits  a  circula- 
tion of  air  around  tlie  bottom  of  the 
vcs.*«l.  Enamelled  cast-iron  dishes  are 
extensively  used,  but,  owing  to  the 
non- uniform  expansion  and  contrac- 
tion of  the  metal  and  enamel,  the  latter 
is  apt  to  crack  and  chipoiV,  unless  heat 
be  very  carefully  applied;  the  so- 
calleil  "agate  ware'*  dishes  are  better, 
Inking  made  of  sheet- iron  and  then 
enamelled.  For  neutral  liquids,  well- 
tinned  coi>|)er  jMins  may  he  employed, 
while  for  the  evaporation  of  solutions 
of  caustic  soda  or  potassa,  silver  or 
jKTti*ctly  cinui  iron  vessels  are  neces- 
sary. 

Hvaporati(m  of  liciuids  in  open  ves- 
sels is  materially  iacilitated  by  keeping 
the  li(jui<l  in  motion,  which,  in  small 
<H)cnitions,  ran  Ix*  i-eadily  done  by 
stirring  with  a  glass  rod  or  porcelain 
spatula,  and  on  a  hirgc  scale  by  meauH 
of  a  mct'liann-al  stirivr  o^x^rated  by 
steam  or  watrr  |)<»wcr.  A  simple  fiirm 
(»f  nu»<hanical  stirrt»r  is  shown  in  Fig. 
1.V2:  it  was  <h'vis<'d  by  John  Moss,  of 
KnL'land,  and  ronsi«.ts  of  a  1]  in«'li  shaft,  -I,  and  a  hollow  shaft,  B^ 
\\Wu\i  n  tidily  sliih-s  ov<t  it.    These  shafts  an»  fastcnctl  together  at  C, 
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'  means  of  a  pin,  and  are  held  vertic^iUy  over  the  centre  of  the  evnp- 
orating  pan  by  means  of  the  brackets,  />,  attadinl  to  the  waiK     Power 

libr  turning  the  shaft  is  supplied  by  a  Imnd  [m&sincF  tiroun<l  the 
rrocived  pulley  at  Ji\  To  the  lower  end  of  B  is  attachetl  a  hanl-wootj 
bliK'k,  on  the  opposite  sides  of  which  arc  fastened  the  stirring  paddles, 
I*\  which  can  be  set  at  any  desired  angle*  by  means  of  witige*:!  .screw 
bolts,  as  seen  in  the  cut.  The  ijaddk'S,  which  are  usually  matle  of 
ash,  raay  consist  of  solid  blade**,  2  feet  long  by  2|  inches  wide  and 
I  inch  thick,  but  are  pn?ferably  i>erfonited  with  holes  not  less  than  1 
inch  in  diameter,  which  prevent  the  contents  of  the  [lan  from   niov- 

■IBg  around  as  a  8<:>lid   mass,  and  insure  the  formation  of  currents 

rof  diffen'nt  sizes,  moving  at  different  rates  of  sjK'rd,  whereby  evap- 
oration is  greatly  facilitated. 

Corrosive  va[XJi-s  ai-e  sometimes  given  off  during  the  eva|M»i-ution 
>f  acid  liquids  ;  to  prevent  these  i'vom  contaminating  the  atmos- 
phere of  the  stiire  or  lalwratory,  and  also  to  avoid  -iatu rating  the  air 
with  moisture,  evaporation  may  be  conveniently  coucKictcx}  under  a 
llood  communicating  with  a  flue.      When  eva|>unition  is  directed  to 

'be  carried  to  a  given  weight,  a  tared  dish  must  be  uscnlJ,  the  dish  aud 
contents  being  weighed  from  time  to  time  until  tlic  desired  weight  has 
been  reached.    If  eva|K»ration  is  to  l>e  carried  to  a  given  v^oliime,  the 

Isimplest  plan  is  to  measure  the  desired  vohinic  of  water  into  a  di^h 
standing  on  a  level  surface,  then  introduce  into  the  ci^ntre  of  the  licjuid 
a  thin  stick  of  wood  and  mark  the  height  to  which  the  water  reaches 
— the  liquid  to  l>e  eva|)o rated  must  l^  redui^  in  this  same  dish  until 
it  stantls  at  the  p<:*int  indicated  by  the  notch  on  the  stick. 

DeBiccation. 

Desiccation,  or  cxsiccjition,  a  process  of  ilrying  completely*  is 
another  method  of  evajH)ratiou,  and  is  employed  for  driving  off  the 
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nioisture   from   vogetablo  drut]^.s,  crystalline  salts,  pn^*ipitates»  pills, ' 
liiblels^  lozenges,  etc.     The  temperatui-e  for  etttvtiug  clcsitxntioii  raav 
vary  from  40°  0,(104°  F.)  to  200°  C\  (392°  F.),  tlje  lieating  Ix^og  | 
earned  on  either  in  the  of>en  air  on  sand-haths  or  io  elosed  eom|Ktrl-i 
inents.    For  small  ojjeratiuns,  and  when  heat  not  liightr  than  100°  C. 
(212°  F.)  is  rrfjnireil,  a  jKirtable  water-oven  (Fijj.  15.'5)  will  answf*r ' 
admirably.     Tins  t-onsifets  of  a  doable- walled  eop|K^r  box  containitig 
water,  whirb  may  be  Ikiited  to  boiling,  and  thun  heat  supplied  to  tm 
interior  comjmrlment,  which  is  provided  with  a  perforated  traj%  a 
clo&ely-tittin^  dot>r,  and  an  opening  in  the  top  Wir  the  escape  of 
moisture.     Fur  tem|*eratures?  above  100°  C\  (212*^  F.)a  hot-air  both 
(Fig.  154)  may  l»e  employeiL     This  consists  of  a  Bingle-wallerl  copfjcr 
Ijox  through  wliith  heated  air  is  coustantly  eireulaliug,  and  which  is 
provided  with  a  thermonii'ter  through  an  oj)euing  in  the  top.    In  large 
nianufaeturing  establish meuts  desitvatiou  is  carried  on  in  appropriate 
drying  closets  builtof  kiln-dried  wood  and  liented  l>y  coils  of  steam  pipe. 
The  term  exsit»e!ition»  in  pliarmaey,  is  usually  reservc<l  for  a  pix)* 
cc*8S  of  evojioratiou  in  which  crvtitalline  salts  are   first   moderately 
heatetl  to  ellloR^scenee,  and  then  with  constant  stirring  more  strongly 
until  all  water  of  crystallization  has  iK^eu  expelled  and  the  |K>wderlta8 
ceastj  losing  weight,     Ilricd  almn,  dried  sulphate  of  iron,  and  dried 

sulphate  of  cop[>er  are  prejiared 
^'^  ^^  by  exsiet^ation.      Exsiccated  or 

anhydrous  salts  may  be  restored 
to  their  original  roru|Hi@itioQ  by 
simple  Boltition  in  water. 

Desiccator  is  the  name  applied 
to  glass  apfMiratus  of  varied  coo- 
struction^  in  which  substances^ 
a  tier  having  l^een  completely 
dritnl  hy  heat,  are  allowed  to  cool 
in  air  which  is  kept  entirely  free 
from  moisture  by  strong  sul- 
phurie  acid,  fus«*d  i^nh-ium  chlor- 
i<leorln'slily-bunn  d  lime,  plac^ 
iu  the  lower  cup  of  theapjmnitn^. 
D^ccAUir.  Sometimes  the  disicc^ator  is  als(> 

usetl  Xi\  abstract  luoisina*  fronj 
material  which,  owing  to  its  volatile  natutv,  cannot  lie  ex|xjaed  to 
heat  without  loa^  or  injury,  and  sio€«  Bulphurie  acid  and  lime  lioth 
have  a  ^rreat  atfinity  fur  water,  |^erfect  desiccation  can  thus  be  elfe^ted. 
Fig.  lo5  \i'  Due  of  the   ^tylea  of  this  very  useful  apparatUA, 

which  is  ill  i4e  in  quantitative  chemical  analysis. 


InoineratioQi  Calcinatioii.  and  Torrefia^tion 

or  reilu«!tion  to  aiih,  m  a  procieA^of  separatMna  :i|»pli4S 
tter,  which  eon^ist^  iu  heating  it   to  n-diies5  in  u{iea 
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ve^t'ls,  with  full  act-ei^s  of  air,  until  all  carbon  Las  been  eonsunjcd, 
or  cunverteil  into  carbon  dioxide. 

Caloi nation  differs  from  incineration  chieHy  in  Wing  applied  to 
mineral  substances,  which  are  heated  to  re<lness  withunt  fusion,  for 
ihrpurjjose  of  expelling  some  volatile  constituent  at  a  hlgli  heat,  as 
the  earljonic  acid  from  ma^uesiuui  and  calcium  carbonates  in  the 
prc*])amtiun  of  magnesia  (calcined)  and  uuwlaketl  liiiH%  or  the  nitric 
achi  from  meitnirie  and  cuprie  nitrates  in  the  prepai*ation  of  tlie 
resi>e<  tive  oxides. 

Ton-efaetion,  or  masting,  is  not  ^o  much  a  method  of  8e|>anition 
as  one  which  is  iuteudi'd  to  modifv  the  pro|H*rties  of  substanct's  by 
eX|K>sing  them  to  dry  heat  to  a  {K»ini  short  of  airlHinization, 
Coasted  coflec*  is  prubably  the  nu»st  familiar  example.  Thirty  or 
'forty  veal's  ago  physicians  used  rhubarb,  dried »  and  roasletl  in  very 
c*oarse  pjwder,  which  had  thus  lo!*t  iti*  tut  hart ic  proijerties,  but  had 
retainetl  it^  astriogency. 

Distillation. 

Distillation  differs  from  evaporati«»ii  chiefly  ui  the  utilization  of 
the  volatilizGtl  liquid,  an<l  in  order,  therefore,  that  no  loss  may  *»ecur, 
tJie  prooe&s  must  be  conducttd  in  tvrtaiu  eloscii  apjmratus^  where  the 
Lcomlensation  of  the  vajmriztil  liquid  uuiy  beeHei*tt»d,  As  the  appli- 
atrun  of  ht^t  to  a  liipiid  is  nwcssary  to  convert  it  into  vapor,  >o. 
inversely,  the  withdrawal  of  heat  I'rom  vapor  is  essential  to  reconvert 
It  into  a  liquid,  and  these  two  operations  constitute  the  process  of 
dij^t illation  :  the  necessary  apparatus,  then,  must  consist  r»f  two 
jmrts,  n  boiler,  i»r  vaj>orizer,  and  a  condenser,  to  which  may  l»e 
ttttarlie<l  a  separate  receiving  vessel.  The  ctjndensed  vapor  is  cailtH^l 
the  distiMate, 

The  nitionak  of  tlie  pr*joess  of  distillation  may  be  explained  as 
follows:  Heat  isapplietl  to  a  liquid  in  a  closed  vessel,  and  is  absorbed, 
which  lauiw^'S  the  liquid  to  change  its  state  of  aggregation  to  that  of 
va|K>r ;  the  vapor  enters  the  condensing  tube,  where  it  comes  in  wn- 
Uatt  with  the  ctjld  surfar^s  chilleil  by  water  on  the  outside;  immedi- 
Itely  it  begins  to  part  witli  its  latent  heat,  transferring  it  to  the  cold 
surface  and  tlie  water,  and  assumes  again  its  original  lii]uid  form. 

The  temperature  of  steam  not  under  pressure  is  100'^  C.  (212°  F/), 
in  addition  to  which  it  c-arrii^  a  latent  hmt  of  550°  C.  (990*  K);  if 
Mwmi  is  condensed  and  the  distillate  collected  is  Uy  have  a  tempera- 
ture of  50*=*  C.  (122°  F.),  at  least  000°  C.  (1080''  F)  of  heat  must 
given  otf  or  transfer  nil  to  the  water  in  tlie  c<)oler.  In  other 
ronls,  i*tic[i  liter  of  water  couvert(*d  into  steam  nnjuirt^  six  liters  of 
wnter  at  0°  C.  {^t^  F,)  to  wnvert  it  liock  into  water  having  a 
temiK-mture  of  5( »^  C.  ( 1 22°  F.). 

Alcoholic  vapor  nnjuires  only  about  one-half  as  much  cold  v^nX&t 
v&^r  i^mdenssi^tion  nrs  aqueous  va|)or,  since  its  sensible  ht*:it  is  78,2*^  C\ 
lU72>4^  K.)  and  its  lait^ut  heat  only  2la^  C  (387^  F.).     Tlie  seusi- 
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tile  heat  of  the  vapor  of  official  diluted  alcohol  is  82*^  L.  (I  iy*U" 
iind  its  latent  heat  alruut  260^  C.  (4»>8^  F.J. 

As  such  large  qtiuntities  of  water  for  eonclensiujr  piir|>(>se!j  atv  not 
praf^ically  avaihihlo,  the  same  object  is  attained — the  withdrawing  of  I 
the  latent  heat  from  vaporized  liquids  as  completely  an  possible — by 
CHJOtiniiouR  supply  of  oold  running  water.  It  has  been  fre^inently 
t^bserved  in  the  preparatiun  of  distilled  water,  that  more  rapid  con- 
densation taken  |>laeo  if  tlie  water  surrouudintr  the  eimden^r  he  snp- 
pliecl  slowly  ami  thus  ullowe<l  to  iM^c-^ome  warm.  The  outlet,  rrr  lower 
end  of  the  condensing  tube,  should  always  \>q  kept  (X>olest,  henoe  eiUd 


fi(inf>ledl«tlliHtion  from  a  tlkL*k. 

water  must  l)e  supplied  at  this  point  and  carrieil  upward,|  Care  mu*t 
also  lie  observe*!  that  the  application  of  heat  and  refrigerotioD  he 
pniperly  adjustixl,  so  that  vapor  l>e  not  generated  in  excess  of  the 
I'apaeity  of  the  eondenser. 

The  simplest  form  of  distillatory  apparatus  eousists  of  a  flask,  or 
retort,  in  wliieh  the  liquid  to  be  distilleil  is  vaporizetl,  and  a  ret^eiv'er 

wiQr  m. 


a  — 


PLilTi  retort  wUti  «4iiiiter,  «i«  «i]<]  receiver,  t*. 


immer^tl  iit  t*ohl  waii^r,  in  whieh  the  vapor  h  (X)n<Ienftti;l  When  a 
flaiik  is  usihI,  thi»  is  c'outie<'t«5l  with  tlie  rt*cH>iver  by  means  of  gla^ 
tnbing,  as  s^hown  in  Kijr.  156^  while  in  the  ease  of  the  n^tort,  (.tMiiM«f> 
tion  is  made  either  by  njeatw  i»f  an  adapter,  sec»  Fig.  1.^7^  or  by  i»« 
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prtin^  the  beak  of  the  retort  directly  into  the  receiver,  as  shovi*u  in 
Mg.  158. 

To  cool  the  vapor  still  more  iboroiighly,  the  beak  of  the  retort,  or 

the  tul)e  c<juiiet*ting:  the, flask  witJi  the  r*et^eiver,  may  be  wrapped  in 

part  with  cottoii  oluth»  ii[>nn  whir'h  a  eoiistant  strtuni  of  eoki  water 

»ifi  alloweil  to  trickle,  the  water  lieing  preveutetl   from  running  into 

th»-*  r<Ht?iver,  by  sitspentliTig  llie  end  of  tlje  clotli  in  the  receptacle  for 

Fio,  v^. 


Tubukted  retort  &nd  fitak  rec«frer. 

waste  water,  Tobiilatetl  retorti^  have  almost  entirely  superseded  the 
plain  variety,  as  they  possess  the  advantage  of  iDein^j  more  easily 
tillttl  and  cleaned,  and  also  admit  of  the  introd notion  of  a  ther- 
mometer or  safety-tubcj  through  a  cork  in  the  tubnlnre.     A  aafety- 

*tul>e»  Fig,  150,  is  often  nei*e^ary  in  distillation  from  retorts  or  flasks^ 
to  allow  the  escape  uf  lar^e  volumt^  of  vajHjr 
aocumulateil  and    huddeuly   evolved,  wliich  ^^'  ***■ 

otherwise  might  endanger  the  apparatus  or 
cause  the  liquid  to  rise  and  flow  over  into 
the    e«>nden8ing   tulje.       Wide-month,    flat- 

ibottom  flasks  are  preffrable  to  retort>4,  as 
bey  inn  be  more  readily  filled,  coiioectetl 
and  I'leaned,  and  are  easily  supj>orted  cm  a 
sand  or  water- bath. 

For  many  purposes,  when  the  most  perfect 
1  '  ition  of  vajK)r  possible  is  desire«l,  the 
;i  iH   known  v^  the   Liebig  condenser 

will  l»e  found  extremely  useful,  its  construc- 
tion being  such  as  to  insure  a  ctmstant  supply 
of  cold  water  amnnd  the  condensing  tube, 

^which  can  Ik?  readily  oonnecte<l  with  any 
ak  or  retort  by  means  of  corks  and  glaia 
cubing.  Licbij^'s  t?on denser  c< insists  of  tw*o 
Siibe«^,  one  within  the  utlier  :  the  inner  always 
of  glass,  the  outer  of  glass  or  m»-tal  and  sctety-tab*. 

firovided  with  attachments  for  supply  and 
wante  of  water,  which  is  made  to  enter  near  the  lower  end  and  to 

Ltravenfc  the  whole  Icnizth  of  the  out**r  tube  Wfore  it  is  dis<Miarged 
It  the  upjjir  end  ;  thm  fore,  ««;  the  \*ap«»r  passes  downward  in  the 
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inner  tube  it  is  continually  cooled,  and  thus  (KTfect  ooudensation 
effected  l)efore  it  reaches  the  rec<»iving  vessel.  Fig.  160  shows  an 
ull-glass  Liebig  condenser  attachable  to  any  filtering  stand  and  capa- 
ble of  lieing  set  at  any  angle  or  height,  by  means  of  the  clamp 
sup|)ort,  to  suit  the  position  of  the  flask  or  retort  with  which  it  is  to 
l>e  connected. 

Fin.  H.U. 


Fio.  161. 


A: '.-4; :«"••«  l.ltl»iL' roiHi-  i.'i  r.  \Mlli  H'lji!'»t;iliii* 


S|uil)b'8  uprifcht 


In  onirr  tn  i'<-nnoini/r  >j»a<<-  on  thf  lal)orntory  table,  Dr.  Squibb 
has  drvin^l  an  iipri;;lit  <M)n<ltn>«r,  also  nia<ic  of  ^hiss,  which  can  be 
attarhrd,  like  thr  pni<«liriL^  mn-,  to  a  stantl :  it  is  very  effective,  and 
ilitVrrs  frmii  tli«'  Liiiii;r  <  ofi<l(>iw(>r  in  havin*:  the  ci»ndensing  tube 
<lou))l((l  likr  a  I,  as  shown  in  Ki^.  1«)1.  Thi*  outer  lines  represent 
tiir  \vatir-<-ji-r  till"',  V  \'  tin-  vapor  tiiln-  »>t'  I'-shajK*  with  a  small 
tipcnin;:  at  tli«-  lowt-r  <ii<l.  tVoiii  whicli  th<*  rntulcrwrd  liquid  escapes  to 
a  |>ro|MT  Hiipinit.  whilr  any  nrnniMlnisrd  va|>or  pass<^  to  the  otlier 
\\*\r  ot'  the  tiiU'.  i*^  tlirn-  condtiiHtl,  an<l  tlow^  downwanl  to  the 
outlrt.  i:  i^  thr  tnlir  -.npplyin^  mM  water  to  tin*  lower  cud  of  tlie 
water  ea<r,  wliieh  li^f;*  and  finally  flow- out  thron;^li  r.. 
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For  large  o{)eratiou.s,  coudcnsation  of  vapor  is  usually  effected  in  a 
metal  or  stoneware  tube  l)ent  in  the  form  of  a  spiral,  and  known  as  a 
condensing  tcormy  see  Fig.  162,  inclosed  in  a  metal  or  wooden  case, 
which  is  kept  supplied  with  a  constant  stream  of  cold  water.  On 
account  of  the  difficulty  encountered  in  cleaning  the  worm,  other 
arrangements  have  been  suggested,  some  of  which  are  extensively 
employed  in  Euro|)e.  Fig.  163  represents  the  Beindorf  condenser, 
in  which  the  vapor  is  made  to  pass  through  three  straight  tubes,  con- 


FlG.  162. 


Flo.  I«i3. 


Worm  condenser. 


The  Beindorf  condenser. 


necting  with  a  common  outlet  tube;  by  unsci-ewiug  the  upper  half  of 
the  globular  chamber  into  which  the  vapor  first  |>asses,  all  the  tubes  can 
be  thoroughly  cleansed.  The  Milscherlich  conde^iser^  Fig.  164,  dif- 
fers from  others  in  keeping  the  vai>or  in  contact  with  two  separately 
cooled  surfaces,  which  insures  more  rapid  condensation  ;  as  shown  in 
the  illustration,  the  condensing  chaml)er  consists  of  a  somewhat  ta- 
pering cylindrical  vessel,  f/,  ending  in  a  tulx*,  the  whole  made  of  metal 
(preferably  block -tin),  and  resting  on  a  sup|K>rt  in  a  large  metal  or 
wooden  case,  b;  into  this  condenser  is  acruratcly  fitted  at  the  shoulder 
a  similar  metal  cylinder,  c,  conc-shiiiKMl  at  the  closed  end.  By  means 
of  long  funnel  tubes  cold  water  is  continually  supplieil  at  the  bottom 
of  the  outer  and  inner  (coolers,  h  and  c,  which  rises  as  it  l)ecomes 
warmed,  and  flows  out  at  the  top  at  d  and  d;  the  distillate  flows  ofl' 
into  a  receiver  at/.  In  i>racti<^,  the  Mitsc^hcrlich  condenser  has  been 
found  very  ettective,  an(l  if  the  inner  cooler  has  U^eu  proiK?rly  fitted 
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to  the  t-ondensiug  cliaraber,  uo  escape  of  vapor  need  be  feared;  it  is 
readily  taken  a]iart  and  cleaned,  and  the  only  apparent  disadvantage 
lie??  in  the  double  water  supply  and  waste. 

It  frequently  hap|)eu.s,  when  distilliog  from  glass  flasks  or  retorts, 
that  the  liquid,  although  boiling  at  first  quietly,  suddenly  begins 
to  evolve  va|v>r  violently,  the  phenomenon  repeating  itself  from  time 

to  time.  This  outburst  of  accu- 
mulated vapor  is  termed  bump- 
ing, and  although  its  true  cause 
has  not  yet  been  satisfactorily 
explained,  it  is  known  to  occur 
chiefly  in  smooth  glass  vessels ; 
it  is  both  annoying  and  danger- 
ous, as  it  may  result  in  fracture 
of  the  vessel,  or  in  the  liquid 
splashing  upward  into  the  con- 
densing tube.  Bumping  may 
Ik?  due  to  unequal  heating  of  the 
vessel,  for  if  the  flask  or  retort 
be  t^overeil  with  a  hood  of  paste- 
l>oard  or  metal,  so  tliat  the  heat 
l)e  equally  diffused,  it  occurs  but 
rarely  and  less  violently.  An- 
other remedy  consists  in  intro- 
(huMng  angular  bodies  into  the 
]i<jiiid,  such  as  pieces  of  pumice- 
stDDf  or  glass,  or  a  long  plati- 
num spiral,  which  will  afford  a 
ready  meiujs  of  escape  for  the 
va}H>r  from  the  bottom  of  the 
liqiiitl.  Prof.  Proctor,  of  Eng- 
land, has  proposed  as  a  very 
rtlectual  remedy,  to  pass  a  slow 
rurront  of  air,  hydrogen,  or  car- 
bon <iin\i(lc.  through  the  hot  liquid  ;  f(»r  small  o|)erations  this  may 
U-  doru*  by  fnrcir)^  a  striain  of  air,  by  means  of  an  India-rubber 
ball  Ih'IIows.  through  a  trlass  tnbi>  drawn  out  to  a  capillary  tube  and 
di)q)in^r  to  the  b(>tt<»m  of  the  liquid,  while  heat  i^^  being  applied.  Ebul- 
lition i->  >aid  t(»  p)  i»n  smoothly  >o  huig  as  this  is  continued,  but  bump- 
in;:  will  loinrniMH-e  as  s<M)n  as  the  supply  of  air  ceases.  Another  plan 
wlii<*li  has  U'cn  found  wry  satisfactory,  csiMfially  in  the  process  of 
tli>tillation,  is  tin*  surtion  of  air  through  tin*  rrtort  by  means  of  an 
aspirat(»r  atta**!!***!  to  tin*  re<'eivcr. 

Kor  tin-  rcr-ovrry  of  alcoli(>l  from  w<*ak  p-rcolatcs  in  the  concentra- 
tion of  v«-^M*tablc  sniiitions  by  <listillation,  >p(rial  metallic  stills  have 
Ih  en  d«v:^Ml.  TIiom-  nia<le  of  heavily-tinned  ((ipi^T,  of  one-  to  five- 
L'allon  «a|»a*ily,  will  Im»  tbnnd  most  dc*»irablo  for  pharmacists.  Figs. 
]♦;'),  !<)«),  h)7,  an<l   \W  rcpn-sent  dirtJivnt  styles  f>f  pharmaceutical 
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Stills  in  use  at  the  present  time.  Beck's  still  (Fig.  165),  desigued 
iu  1893,  is  oDe  of  the  best  stills  made  for  the  concentration  of  weak 
percolates  and  the  recovery  of  alcohol.  It  is  simple  in  construction, 
efficient  in  condensing  power,  and  easily  cleanea.     It  is  made  of 


FlO.  165. 


Bcck*s  phamuiceutical  stilL    (Exterior  view.) 


J  e 


(Interior  view.j 


heavily-tinned  copper,  and  the  evajwrating  pan  has  a  capacity  of  two 
gallons.  The  cold  water,  which  is  made  to  circulate  freely  betwetni 
the  double  walls  of  the  cone-shaped  head,  is  supplied  near  the  base  on 
one  side,  at  a,  and  discharged  at  the  top  on  the  other  side,  at  ft.  The 
vapor  is  condeustnl  on  the  under  side  of  the  still-head,  the  distillate 
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tNjll*HHing  in  two  giilters  or  troughs,  cue  abuve  the  other,  wnpiwTP 
is  dL**fliargt^l  througli  a  eomraon  outlet,  e,  as  shown  in  Fig,  1*)5,  Thi* 
water- bath  and  condenser  are  sfK^-urely  clamped  together  by  menns  of 
six  bolts  and  nut^?,  tlie  rim  of  the  evaporating  pan  IxMng  interpnewl 
between  two  flat  rubber  rings,  and  an  air  tight  joint  tliiUH  pni- 
duced.  A  small  tube*  on  tlie  si<Ie  of  the  water-bath  is  for  the 
esinix^  of  steam,  ami  if  about  one  and  a  half  gallons  of  water  lit*  put 
into  the  bath  when  the  still  is  Htartedjt  will  not  I'etpiire  refilliQg  for 
about  twenty-four  hours*  If  tlie  t|aantity  ot  liouid  to  be  dUtill^d  U 
in  excf'ss  of  the  capacity  of  the  evapojutiug  dish,  the  latter  may  be 
i-efilled  l)y  means  of  a  hnjij -stern  funnel  through  tlie  oj>ening  in  the 
apex  of  the  still-head.  The  Reck  still  can  be  heated  with  either  gsui 
or  oil,  and  if  water  attat^lunents  are  not  convenient,  a  barrel  of  cold 
water  may  l>e  placed  at  some  height  above  the  still,  from  which 
condenser  can  be  supplied. 

The  jipecial   fctitures  of  the  Remington  still  (Fig.  166),  are 
pi'culiar  slui^ie  of  the  still-head  and  the  const  ruction  of  the  ».K>odenser. 
In  tlie  former^  the  opening  for  the  passage  of  the  viijwr  is  drawn  over 
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til  «ne  *ide,  instead  of  Iteing  in  the  centre  as  usual,  by  which  arrac^ 
mcut  the  i*4tnilcnsing  surface  of  the  heaci  is  greatly  reiliietNl  and  eoa- 
dcn»«sition  of  vapr^r  within  the  body  of  the  still  obviated  as  far  as 
IKMiibie,  The  mndensing  tnlic  repr^entu  a  multiple  Liobig  con* 
den*ker,  seven  bhiek-tin  tubes  l)oing  so  arrange*!  within  a  *  i^ 

that  cold  water  is  C4justantly  circulaliug  between  them.    T  jmI 
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acrewKl  to  the  top  oi'  ilw  ^till,  ui  wlnrli  i^  placed  a  rod  mrryiug 
fleries  of  iierforatal  tin  disks  iiUc-ndcd  to  increase  the  alcoholic  sirengtlj 
of  the  distillate  by  eoudeiising  the  acpieous  vapor,  which  then  reliiniii 
to  the  still,  while  I  he  vapor  of  alcohol  pa-^ses  on  to  the  coinlcnser 
proper.  The  va]ior  fmsses  from  the  coUinm  through  a  short  tulx?,  c^ 
to  the  condenser*  which  consists  of  a  twelve-ounce  copi>er  cun,  It, 
containing  a  tube  Ix^nt  s^igMg,  and  supplied  wilh  cold  water  by  means 
of  a  funnel  tul>e,  £,  reaching  to  the  Ijottoin  of  the  can*    Thv  did- 
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tillate  is  collectcfl  at  the  outlet,  G^  a  continuation  of  the  ^i^zaj^  c<m* 
dentin j;  tulx\  while  tlic  wa«te- water  flows  out  at  F,  which  h  «in* 
nectcd  with  the  isink  by  nteaUH  of  rublxT  ttibin;^. 

Thi'  Aniler»on  Antomatir  Still,  Fig*  lOS,  diHcrs  from  the  others 
dc»8cTibe<i,  in  the  routiuuous  automatic  supply  of  water  lo  tJic  water- 
bttth.  The  n'fri^enilinn  uf  vapor  is  efflH»t*Ml  l»y  a  free  (Mnnilatioii  of 
wattT  ImIwhu  the  wn!(»*  ^f  thf*  C4»ne  slnipftl  «H>mlens«M\  as  in  the 
1\&'U  **lin,  the    '  i.^  in  a  gutter  at  ihe  basr  tjf  the  eime. 

The  wat^r  in  ih  ^     ifially  l^econies  warm  and   tlowti  into 

the  i?at4*r*lMith,  whidi  U  kept  Hiletl  to  a  nniiurm  height  by  meant  of 
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an  cA^erflow  pipe,  and  ihiis  the  net't^e^^^ify  oi'  rt^pleuishin^  the  l>oiler 
with  cold  water  from  time  to  limi\  id  lar^  o|>emti«>ns,  is  obviated. 
The  liquid  to  be  distilled  18  heated  in  a  broad,  shallow  evajK)ratiiig 
Fclish,  fronj  which  tlie  HkohoUe  vapors  rise  rapidly,  owing  to  the  large 
extent  of  surface  €*xpo!^l. 

Automatic  stills  are  rei^ommende<l  and  largely  used  for  the  distil- 
lation of  water,  but,  wh€^n  absolute  purity  is  desired,  it  must  not  l»e 
overlooked  that,  in  autouiatic  stilL^,  tin*  air  an*l  otlier  ^ases  contained 
in  the  water  are  sure  to  |wiss  out  with  the  sttiun  ami  redijssolve  in 
the  condensed  vapor,  j?o  that,  while  all  tum-volatilc  impurities  are 
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Large  copper  stUJ,  wltli  worm  condenBcr. 

removcHlf  volatile  mutter  is  sure  to  eontauiinate  the  distillate.     Wv^- 

Ltillfxl  water  eutiirly  fre*'  from  air  and  all  other  impurities  <Tiu  ouly  Ik- 

robtainei]  by  rcje^jting  the  fir-t  p«>rtioii  of  the  distillate  (al>out  10  per 

<vrit),  which  contains  the  %'olatile  matter,  and  allowing  the  last  portion 

(flbont  in  pr  cent )  to  remain  in  the  wlill  \  this  will  retain  all  mincnd 

ipuritie^  and  such  decom|M*sition  products  as  nmy  i^esult  fmuj  tht* 

f  fl  action  of  heat  on  organic  coot.tituents.     (^nly  alxjut  80  p»*r 

the  volume  of  water  to  be  distilled  should  l>e  collected  and 

€Hjnsidt'i*ed  abnolutely  pure.    The  tube-*  in  wliich  the  aqueous  vapor  i« 

€?omiensed  must  be  of  glass  or  pure  bloc*k-tin. 

In  the  manufacture  of  tbiid  and  solid  extmetji  and  similar  prepa- 
RtioDBy  on  4  largo  scale,  stills  heattil  by  ^tcam  are  employed  fnr  tht 
atnicion  of  weak  percolati?s  ami  the  ri^x)vcry  of  ahnjliol   from 
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the  <lreg8.     Surli  stiil^  aiv*  iii-i<l(  ot   |j('jivily-(innc'<l  cn|t|M*iv- .-  — 

liukl  from  50  to  -♦j**  trallons  of  ptTcoluto.  Tbe  Iwiiler,  or  i*vnj>omtiw^ 
pnn»  h  partly  enrln^i d  iu  a  ro[ip<  r  jaeket  |M'Ovit!i»il  with  an  \t\U*t  ami 
uullet  for  ^teanij  by  which  meiins  hoat  is  sitp|ilietl  in  (he  li<[iruL  Kigsi, 
169  ami  170  repr^rnt  tw-i  lar^e  strain  stills  of  diffei'ient  desigiks*  | 
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•sUll  una  condvnter  d«ilgii«4 1^  l>r.  ClMirif;!  IXiw. 


<  oridHifcAtioti  of  the  alcoholic  viipar  i»  eflected  by  inther  tt  worm 
iir  an  upright  «'on(l»iist^r,  tlie  latU*r  ii^iinlly  oorj'^istin^  iif  a  nnmJwr  of 
ftmiglit  hlcK'k  tit)  pi)M^  uuumhI  in  a  eo|>|ii  r  r»vlioJ(  r,  uti  tlir  pritiei- 
jile  of  the  Lii4n|r  (Ntntlen.Ner. 
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Tlit*  still  ileaigtiiil  by  Dr.  BifHi  (see  Fi^.  171)  pivstuit^  the  pfrij- 
Itjinfy  of  Imvinjj;;  tlit'  coudenstT  situiUtd  iirunt'diatt^ly  above  the  still- 
head,  which  is  for  tlje  double  purpose  of  saving  flo<ir-j*paee  and  allow* 
iDg  I  he  fondeni^^^r  to  Ijtf  u>e<l  as  a  reflux  condenser  in  the  case  of 
eontinuouij  penujiation,  as  explaine<l  below.  The  case  enclosing  the 
jondensinji;  coil  is  made  of  ctrpper,  has  a  rounded  iKittijni*  and  \s 
doftCil  at  the  top ;  cold  water  is  sup|)lied  at  the  bottom  at  B  by  ntcani^ 
^  the  rubber  tube,  A,  and  is  discharged  at  c,  near  the  top,  by  means 
ft  tulje  leading  to  tiie  waste-pipe,  D.  Tlie  small  tube  near  ii^ 
usually  closed  with  a  cYirk,  is  for  the  purpose  of  emptying  the  waiter 
without  removing  the  tuljc  A.  The  head  of  the  ^till  i??  providc»d  with 
three  short  tubular  o|K^nin^,  one  for  refilling  the  still  wfien  rc<|uired, 
another  for  inserting  a  therniomctcr,  and  the  third,  sliown  in  t)io  cut, 
for  carrying  a  safety  lube,  L,  The  vapor-pi|x*  start -<  from  the  still- 
In  ad  at  E,  and  is  <:*onne<'ted  with  the  projecting  end  of  the  block-tin 
t-ondenslng  coil,  near  the  upper  part  of  tlic  tank,  at  E.  The  worm 
inside  of  the  coutleuser  tank  has  a  uniform  downward  descent,  and 
leinerges  at  F,  extending  a  short  distance  to  the  joint,  l>y  means 
fof  wisicfi  it  is  connected  with  a  blm-k  tin  pipe,  .1,  leading  to  the 
ret*eiving  vessel.  The  hcnd  is  iiltacheil  to  tlie  body  of  the  siill 
by  means  of  a  rublxn*  wjtsher  an*!  iron  chimi>s,  and  can  l)e  readily 
removed,  after  taking  oft'  the  elaraps,  by  attaching  the  tackle,  K,  tu 
the  top  of  the  condenser  and  hoisting  the  whole  upwarth  Steam  is 
admitted  to  the  jacket  at  m,  and  x  is  the  exhaust  pipe  for  the  same. 
\bont  the  middle  of  the  lower  projec^ting  end  of  the  condensing  tul)c 
branch  passes  downward  back  to  the  still  at  <t,  and  terminates  under 
the  head,  in  the  form  of  an  V>.  which  trap  pi^vents  any  condensed 
liquid  from  flowing  l>ack  into  the  still  should  the  stopcock  at  H  \>o 
o|K*D.  The  object  of  this  branch  pijie  is  to  carry  the  condensetl  alco- 
|.hol  l>ack  to  the  still  wJien  the  apparatus  is  used  for  continuous  fien^^- 
^lation  of  such  substances  as  nux  vomica,  aetmite,  etc.  When  the  still 
is  to  Im*  used  for  this  purpose,  a  large  tindined  «x>pj.>er  {^)ercolator,  into 
which  the  moisteneil  drug  has  been  packed  and  covered  with  a  tilt 
diaphragm,  is  securely  clampeil  between  the  head  and  body  of  the  still, 
5ntt»  which  menstruum  has  previously  l>een  poui^eil.  When  sttnun  is 
admitteil  to  the  jacket  the  alcoht»l  is  vuporizeij,  rec^indensed  in  the  con- 
denser alK»vc,  and  matle  to  flow  back  in  tlie  still  and  on  \o  tlie  drug  in 
the  prmlator  by  means  (»f  the  branch  pipe  and  stoi>c<K'k  at  u,  tlie  tuU% 
J,  having  been  disconnected  and  the  joint  closed  with  a  cork.  The 
percolate  collects  in  (he  ImxIv  of  the  still  and  the  alcohol  is  again 
vaporized  as  bet<)re,  the  process  eontinuinof  at  the  pleasure  of  the 
«  ,  and  the  drug  Ijeinir  tlir»n       "  '  ]  vvith  a  minimum 

II  of  menstruum.     Thu^,  jn  <»  and  continuous 

pcnTilatiou  of  large  quantities  nf  dru;^  tun  be  aucxwasfully  carrieil  on 
lu  this  apparatus  without  any  loss  of  alcohol. 

The  »*j-calle«l  drt*g  stills  for  the  recovery  of  al<x)hoI  from  the  marc 
\  Bometimc-s  made  of  300  or  GOO  gallons  «ipacity,  of  heavy  co|qK*r. 
not  jackcti/d ;    «:*  no    injury  ciin    Ix*  done    to    the   exhausttHl 
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tuattM'ia]  liv  lu-at,  live  yteani  is  passtd  directly  into  the*  Btill-hoflr 
contaiiiiDg  the  marc,  aud  the  alcohol  18  thus  rapidly  vaporized  and 
forced  iuto  suitable  condeosers. 

Vadium  Mis  are  necessarily  of  a  somewhat  different  oonstnictiou, 
and,  as  already  stated  on  n&^  151,  are  only  used  !□  large  maim-  | 
faeturing  establishments,  where  the  concentnition  of  bulky  vi^getnble 
solutions,  at  low  temperatures,  is  frequently  desired.  Without  the 
use  of  vacuum  apparatus,  the  eva]>oration  of  solid  extracts,  wrtfiont 
injury,  to  a  conditimi  suitable  for  powdering,  would  be  an  impoaiii- 
bility.  Fig.  172  represent*^  a  large  vacuum  still  in  operation  at  the 
establishment  of  Sharp  A'  Dnhme,  of  tins  city,  to  whose  oourtw^y  I 
am  iudcbttMl  for  the  privilege  of  giving  a  photographic  rftprodrK*tioD 
of  the  apparatus.  The  still  proper  eonsisla  of  an  egg-f^haped  vi'icw*! 
of  heavv  tinned  copj^ier,  partly  encasc^d  in  a  jacke!,  to  which  steam  if 
supplii:*<l;  it  is  provided  with  a  vacuum  gauge,  thermometer,  ftight- 
gla*is<?ft  through  which  the  process  of  evaporation  may  be  watebed^ 
and  an  ingenious  stirring  apparatus  attached  to  the  vertical  diafl^ 
up*'njte<J  f>y  means  of  the  two  geare«l  whtM>ls  seen  above  the  stilL 
Ibt.*  liquid  tn  In*  evaporated  iB  supplied  automatically  through  the 
tul)e  >»een  projecting  from  the  side  of  the  8till,  to  the  right  of  tlie 
wheel  which  operates  the  clamp  holding  the  man-hole  cover  in  posi* 
tion.  Cleaning  of  the  still  is  effected  through  a  large  man-hole  in 
the  lower  front  of  the  stil!-b<Kly.  The  vapor  of  the  evajwratiog 
liquid  }>aasei)  through  the  large  tulie  projecting  laterally  from  the 
(4till'head,  into  a  series  of  condensing  tube.**  resting  in  a  large  iron 
tank  provided  with  a  e^matant  supply  of  water;  any  vaj>or  escaping 
condensation  in  these  tulxs,  which  may  happen  on  account  of  its  more 
rapid  movement  causeil  by  the  action  of  the  vacuum  piunp,  will  W 
caught  and  cundens^cHl  in  tlie  Liebig  condenser  sittintod  diagonally 
untlerncath  the  iron  tank.  The  distillate  is  finally  dis^harginl 
thrcmgli  the  large  8pout  which  may  be  seen  emerging  from  the  valve 
box  fimiiecrted  with  the  pump  about  the  centre  of  the  lower  part  of  1 
the  figure, 

Thr  iTin*fi<*ation  of  air  in  the  apparatus  is  acc5omplishetl  by  meati:^ 
of  an  exhau^^t  pump  i^ituiit<*d  under  the  condensing  tank  and  com* 
muui<*atiug  wilh  tliu  mndensing  tubes, 

AVheu  tlie  Htill  is  to  Ik*  o[H?rat*'d,  the  juimp  is  started,  exbaufiting 
the  air  from  tlie  still  until  llie  desiri^l  vacuum  is  reached,  m  indi- 
cated by  the  liarometrie  gauge  attached  to  the  wall  between  the  still 
anil  the  condensing  lank,  and  eonuected  with  the  still  by  means  of  a 
two-ne<'k  Inittle  iind  a  bhiektin  pi|>e.  A  ruliber  hose  dipping  into 
the  lifpiid  to  l>e  evajxa-att^d  m  then  connected  with  the  projecting 
til  Ik*  to  the  right  of  the  mandmle,  and  the  feto|»co*!k  in  the  tube 
having  Innm  oj^r^uc*!,  the  liquid  is  allowed  to  flow  into  the  still  bv 
ttliUii?^phtTic  piffwun*  until  it  reaches  the  dt^stnul  height  in  the  stilly 
after  which  the  sto^KHx^k  i«  partially  cloi«cd  autl  so  »<»t  that  the  siip- 
}ily  of  liquiil  in  automatirally  kept  up  in  prciportion  t»»  it*  pvapora* 
lion— the  aim  biMtig  f<»  preserve,  a.s  far  us  possible,  the  original  voluni*' 
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ictionni  disdfiution  h  the  name  a{»|}|fe(]  to  u  process  intended  tol 
sejmratt'  liijuids  of  iliflVn^nt  boiling-points,  and  is  orten  a  valuabU'aid 
in  determining  tlie  ixnnposition  of  a  mixture,  or  in  the  purifutation 
of  certain  ihenntiirs.     It  ntxt^'^itales  the  iutJ>_Mluetioti  of  an  acXHirate  | 
thermometer  into  the  retort,  flask,  or  still,  so  that  a  ehange  in  thr  ' 
lioilin>i- point   may   lie  promptly   olvserveiJ  and   the   rei^eivinji^   fl«-"*k 
ehange<l  U(X'onli!ij2:ly.     As  all   liquids  will  bc?gin  to  vaporize   I H*fore 
their  boiling-point  is  n^aeluil*  jwrfeet  sepjiration  is  impossible  in  n 
mngle  onerutiou;  it  ijs  iherefoir,  customary  to  collect  the  liquids  coii^ 
ikom'd  tluring  act'rtain  range  of  t«*nq)enityre  in  the  .still,  and  to  i»ub- 
ject  tht*>e  airarn  to  the  same  piixx^ss  of  fractionation,  nnlil  finally  a 
pure  liquid  showing;  a  stationary  l>oiling-]Knnt  is  obtaincMl.      As  an 
example,  mav  l>e  eitetl  a  mixture  of  ether,  fhloR)forni  and  alcuboL 
If  pure,  tin  *thav  liijuids  will  boil  at  37*^  C,  i^O.t}''  C,  and  IH"^  C 
re**i>e^tively  ;  but  a  mixture  may  |H>S!?ibly  U>il  at  about  40*^,  when 
all  of  the  etl>er  will  distil  over,  together  with  small  portions  of  r:hloix>- 
form  an<l  triKfs  of  aluihol.     As  the  temf^ratnre  ri$es  to  Qh^  C\,  the 
distillate  will  etins^ist  of  chloroform  mixed  with  small  ])ortion«  of 
alcohol;  and  tinally,  at  78*^  C\,  alctJio!  alone  will  distil  over.      By 
changing  the  I'etx^iving  flask  at  40*^  C  and  65°  C,  frtictions  will  lie 
obtaineil  entirely  diftcivnt  in  cumpoaition  from  the  original.     If  lie 
tirst   fraction  lie  now  distilled,  tlie  liquid  will  proliably  boil  near 
11$^  C,  and  by  carefully  watching  the  thermometer  and  changing  th«^ 
rweiver»  ether  almost  entirely  frvv  from  ehlurotorm  and  ah-cjhol  nmy 
lie    obtaintnl.     By    thus  <iirefully   collecting    the  fractions  at  fixed 
tempenitures  and  re-ilistilling  each  by  itsilf,  more  thorough  acpara- 
tioQ  is  [Missible. 

During  the  ebullition  of  a  pure  liqtiiii  no  t  hangc  of  tempenittirv^ 
will  l>e  indicated  by  the  thcrmotncter,  btit  in  a  mixture  of  inter- soluble 
liquids^,  a  gradual  rise  will  tHuitinue  a^  the  moiv  volatile  nn*  vapor- 
i«5l,  this  rise  iM-in^  slow  or  nipid  as  either  (he  more  volatile  or  Ices 
volatile  liquids  prwlominate.  If  a  mixture  of  only  |mrtly  mij«cibk 
liquids  in*  subjected  to  distiUation,  the  tem(ieratiire  will  remain  sta- 
tionary dnriug  the  ebullition  of  the  mon*  volatile  liquid  and  onlv 
begin  to  rise*  when  the  8ame  has  nearly  all  l>een  v  r  I       In  gjiet 

esitesi  almt»st  jierfect  H?jiaration  can  Ik*  elftH'li^fl,  fIv   if  the 

lMuliug'|Mjints  of  the  liquids  lie  lar  ajiart.      '  in  and 

alciihol,  or  alcohol  and  nil  of  turpntine.      \  _.i.  -^i^  jn^ 

duetii  are  obtained  by  fractional  distjUalion. 

Fractional  condensation  is  closely  allied  to  fraeiianat  ilfsttllatiaii, 

ami  i*  largely  employe*!  in  the  recti  titration  of  ahnyliol  and  the  parifi* 

:inil   c^M  riu   and   olher   liquids.      It   h 

t  by  p«Ss"Hf  into  a  seri*^  of  ttmilrni^ni  kept 

at  regular  tem|M^mturri»y  eaeh  ftuceeeding  one  hieing  eoc»lcr  tbao  toe 

one  which  pnH*»»<h'#f  it, 

/h-Mrmiivf  tlMUnthm  in  the  pnx*es»  of  henlinir  dry  V<|^*|jiUle  or 
*       ;  vdlntile  has 

iioitai,  the 


:k  matter. 


process  involves  the  destruction  of  llje  original  coni|>ound,  wherehy 
products  of  simpler  conipoBiliou  art*  obtained*  lu  order  to  avoid  oxida- 
'[>D,  destructive  distil latiou  must  he  carried  on  in  closet!  apparatus 
n^itli  entire  exclusion  of  air,  and  as  the  lieat  net*cssarv  is  in  most  casr-^s 
far  greater  than  that  to  whirli  glass  vessels  eould  lie  safely  exposed, 
iron  retorts  or  cylinders  are  employeiL  The  residue  left  in  the  iron 
retoit  is  often  a  fused  mass  insoluble  in  water,  which  nec*^ssitat«*t^ 
incH-hanieal  means  for  its  removal*  The  produets  of  dcstrnctive 
distillation,  in  their  crude  state,  are  usually  at^eompanied  hv  a  peculiar 
!?moky  odor  I'allecl  empyretuna,  said  to  be  due  to  an  oil  develop^Hl 
during  the  prot>ess  of  tlecom position  ;  this  is  subsequently  removed  by 
rtM'tititiition.  The  most  striking  exanipk*s  of  destrui'tive  distillatitm 
are  the  manufacture  of  acetic  acid  from  wood  and  of  illuminating 
gas  from  coal. 

Sublizaation. 

Suhlimaticm  is  the  term  applied  to  the  process  of  vaporizing  vola- 
tile solids  and  txmdcnsing  the  vapor  back  into  a  solid  ;  it  nuist  not 
be  confotmded  with  tlje  term  dry  didlUatiotij  which  is  iivtjuenlly 
used  in  place  of  destructive  distillation.  The  i»roduct  of  sublima- 
tion is  known  as  a  sublimate,  and  may  miur  either  in  the  form  of  a 
fine  }>owder  or  comjmct  masst>s. 

The  object  of  the  process  of  sublimation  may  be  the  purification 
o(  n  substance  by  separating  the  volatile  solid  from  les^  volatile  or 
tixc<l  impurities,  as  in  the  case  of  sulphur,  camphor,  naphtalene,  and 
iodine,  or  the  separation  and  collection  of  volatile  solids  resulting 
from  clicraiciil  reaction  at  higher  temfieratui-es,  as  in  the  c«8e  of 
pyn^llol,  calomel,  and  mercuricr  chluride. 

The  api«iratn8  consists  of  a  subliming  vessel  made  of  iron,  g1ass« 
or  enrthenwart^,  and  a  nmdenstT  ada[>tcd  to  the  volatility  of  the  pro- 
*luc*t^  the  condensing  surface  being  kept  sufficiently  near  the  source  of 
heat  to  avoid  cooling  of  the  vapor  before  it  reaches  the  condenser. 
If  ilie  temj>erature  of  the  condenser  is  but  little  l»elow  that  of  the 
subliming  vessel,  the  vapors  of  the  volatilized  substance  will  not  con- 
dens»'  until  they  strike  the  surface  of  the  condenst*r,  and  will  form 
in  t-omiHict  masst'S,  frxxjuently  in  crystalline  coudttii»n ;  as  for  instance, 

pnons  acid,  corrosive  mercuric  chloride,  ammonium  carbonate,  and 

>mmerc!al  sal-ammoniac.     Jn  order  to  obtain  the  sul^limate  in  the 

form  of  powder,  tlie  air  in  the  cundenser  must  be  decidedly  cooler 

than  the  lemiierature  at  whie^h  the  substiincc  volatilizes,  because  then 

the  Kn\Mw  will  be  imnuxliatcly  et*ole<l  and   ra|>i*lly  deposited  in  very 

*  s,  JUS  in  the  case  of  calomel,  sulphur,  and  camphor 

d  for  suliscquent  eonipression. 

The  pnxK'Ss  of  sul>liniation  is  confine*!  to  the  larger  operations  of 

the  manufacturing  chrmisti*,  but  tun  lie  demonstnitinl  in  a  small  way 

by  placing  n  few  grains  of  camphor  or  imline  in  a  long  ti?st-lulH»  and 

Ltl        '      ting  until  all   has  liecn  volatilizi'd  ;  in  a   few   minulrs  lire 

(m  may  Ik*  gathered  in  the  form  of  very  small  tTystals  from 

thr  iipp^-r  jKtrt  of  the  tulx\ 


CHAPTER  XI. 


CRYSTALLIZATION. 


Kio.  173. 


The  subject  of  crystallization,  while  a  most  important  branch  of 
mineralotry  and  chemical  physics,  is  of  less  value  in  pharmacy 
proper ;  but,  as  the  Pharmacopoeia  makes  frequent  use  of  terms  be- 
longing to  the  study  of  crystalloJogy,  and  as  the  pharmacist  may  have 
occasion  to  resort  to  crystallization  for  the  purpose  of  determining 
the  character  and  quality  of  substances,  a  short  notice  is  deemed 
ilesirable. 

Crystallization  may  be  looked  upon  as  another  method  of  separa- 
tion, as  it   is  frequently   employed   for  the  purpose    of  removing 

impurities  from  crystallizable  sub- 
stances. The  term  crystal  is  ap- 
plied to  solid  inanimate  bodies  of 
regular  internal  structure  and  defi- 
nite g(»ometrical  form,  bounded  by 
plane  surfaces  and  having  angles 
of  fixed  and  c»onstant  values.  The 
assumption  of  such  distinctive  geo- 
metrical forms  occurs,  as  a  rule, 
during  the  change  taking  place  in 
the  state  of  aggr^ation  of  sub- 
stances from  the  gaseous  or  liquid 
to  the  solid  condition ;  in  a  few 
cases  it  (X'curs  also  in  solid  bodies, 
as  iron  and  brass  wire. 
In  the  preliminary  study  of  crystallography,  the  meaning  of  the 
followinjx  terms  must  be  considered. 

Ffirts  are  the  j)huie  surfaces  bounding  the  crystal  (sec  abdc^  ^ff^ffy 
(ihfi  and  hjhilj  Fig.  173i. 

hjh/rs  are  tlie  Iin<*s  of  intersection  of  two  adjoining  faces  (see  i\t\ 
nh.jli,  />/',  (fh,  i  ff,  ca,  f/li,  (jf\  ('(I J  ra,  c^,  etc.,  Fig.  173). 

Anf/ft'M  are  the  j)oints  formed  l)y  inters<'ction  of  three  or  more 
fa<'c>  (sc<*  Fig  173),  r.  formed  by  aftrf,  ('o.c(/,  and  ffhy;  j\  formed 
by  hdfi  f\  fffnf,  and  f\ff/h  :  <*,  formed  hy  fUif/c,  a//^/c,  and  aegCj  etc. 
Aj'tf<  arc  imaginary  lin<s  drawn  tlirough  tlie  centre  of  the  erj's- 
tal,  around  whirh  the  symmctri<id  dej)osit  of  matter  has  occurred 
<luring  the  formation  of  the  crystal  (kv  i k,  Im,  and  /io,  Fig.  173). 

AimtriJmuH  [\\\i[\i)\\{  form)  designates  the  absence  of  crystal! iue 
loriu  and  ^tnictnn',  a^  in  a<'a<*ia,  starch,  gelatin,  etc. 

/>/-  or  fri-inftrjfhnnM  mf  ffro  or  fhrrr  forms),  indidites  that  the  sub- 
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FStam^omirs  in  two  or  tJiree  distinct  crystalline  tonus,  aa  carbon, 
Bulnhur,  *?tc. 

Polymorphous  means  of  inaoy  forms, 

Immorimnna  (of  the  same  form)  iiidieates  that  two  or  more  eub- 
stanches  to  which  the  term  is  applieil,  crystallize  in  the  same  form; 
thus  the  chlorides,  iwliiles,  and  bromides  of  sodium  and  potassium 
are  is<^ruorplious*  Lsomorphoui^  boilies  are  known  to  resemble  each 
other  also  in  chemical  composition,  and  to  permit  of  a  ready  inter- 
chanjre  of  constituents,  oa  in  tlie  case  of  the  various  alums. 

Cfmvage  is  tlie  tendency  of  most  crystals  to  split  in  particular 
directions,  affording  usually  even  and  frequently  polished  surfacc^^  the 
direction  \mn^  always  parallel  with  the  planes  of  the  axes,  or  with 
others  iliagonal  to  these.  While  some  crystals  cleave  very  easily,  in 
ill  hers  this  teu4lency  is  scarcely  disc»eniil>Ie, 

Tubular  crystals  ai*e  such  as  crystallize  in  flat  plates,  as  i>otaasiuni 
chlorate,  iodine,  stinintium  iodide,  etc. 

Laminar  crystals  are  such  as  crystallize  in  thin  plates,  as  aoet- 
anilid,  naphtol,  calcium  hypophosphite,  etc. 

Acicidar  crystals  are  sm-h  as  occur  necdle*sha|>ed,  as  aloin,  dn- 
clioni<liue  sulphate,  quinine  salts,  etc. 

Prismatic  crystals  are  such  as  resemble  a  prism,  being  extended 
chiefly  in  the  direction  of  the  longest  axis,  as  salicylic  acid,  san- 
tonin, cinchonine  sulphate,  etc, 

Orihom*:trir  n^fers  to  the  measurement  of  the  angles,  and  is  used 
to  signify  that  the  three  axes  intersect  each  other  at  right  angles* 

Cy'mometrlv  refers  to  the  intersection  of  the  axes  at  oblique  angles, 

Hohhedraly  applied  to  crystalline  forms,  signifies  that  the  full  num- 
l)er  of  faces  re<[uircd  by  |>erfect  symmetry  are  present 

Hnnifitflntl  signific*s  that  only  one-half  the  number  of  faces  re- 
quired by  full  symmetry  aif  present. 

rVystals  art*  formed  accortling  to  fixed  laws  of  Nature,  and  there 
can  lie  no  doubt  that  the  force  of  cohesion  plays  an  important  part 
in  their  formation  j  but  no  one  knows  how,  or  why,  the  molecular 

S articles  of  certain  substances  arrange  themselves  into  symmetrifud 
ejK>Hit«»,  around  a  common  centre,  in   a   manner  to  give  rise  to 
numerous  distinct  and  definite  forms. 

The  large  variety  of  forms  in  which  crystals  ap|)car,  dejiends  en- 
tirely u[K)n  the  numlMT  and  length  of  the  axes  and  their  relative 
inclination — that  is,  the  angles  at  which  they  intersi*ct  each  other. 
All  crystalline  forms  have  b<?en  iiHlucfHl  by  scientists  to  two  main 
groupe,  the  orfhomt-fric  and  the  rJinomebne  gr<nips  (sec  above),  and 
.  tbeee  have  again  l>ecu  sulKlivide*!  into  six  systems;  the  orthometric 
^ grou p  n y m p r i si.^s  the  rft/ ida ;%  rjiindrttf ii\  rh omh ic  a n d  hrxago nal  ay s- 
trm;*;  the  elinon»ctric  group,  the  inonorfinir  antl  trielinit*  systems.  As 
all  crj'stals  b<"long  to  one  or  th«'  i^ther  of  tlicse  systi'nis,  the  salietli 
fcaiun^  of  ttich  sliontd  bt^  stiNlie<i. 

L  77w  Hrtfulttr  StfHfrm,  alsi>  known  as  tlie  Monometric,  Cubi**, 
OrtohcHlraly  or  IV^sular  Systcnu 
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Crystals  of  this  system  have  three  axes  of  equal  length,  which 
intersect  each  other  at  right  angles,  as  shown  in  Fig.  174. 

The  fundamental  forms  of  this  system  are  the  cube  and  the  oeto- 
hedron,  Figs.  175  and  176. 


Fig.  175. 


Axes  of  the  regular  system. 


The  cube. 


Alum,  phospliorus,  arsenic  trioxide,  diamonds,  alkali  iodides, 
chlorid(*s,  fluorides  and  cyanides,  as  well  as  many  metals  and  their 
sulphides,  crystallize  in  this  system. 

2.  The  Quadriiiic  St^drm,  also  known  as  the  Dimetric,  Square 
Prismatic,  or  Tetragonal  System. 


Fi(i.  17fi. 


Fio.  17 


Kfh'«»lttr  <>ctt)hc*<lron. 


\  xes  of  the  quadratic  8}'stem. 


Crystal.**  of  this  system  have  thre<^  axes  intcrse<'ting  each  other  at 
ri^lit  anji:ics,  two  of  which  arc  (jf  e<|ual  lenorth,  and  one  cither  longer 
or  -^hortrr  than  tiic  other  two;  thr  two  <'<jnal  axes  are  called 
s<MiMidnry  a.xcs,  wliiir  the  third  is  termed  the  primary  axis.  See 
Fijr.  177. 

Th«.*  fundamental  forms  of    this  sy.^^trm  arc  the  (|uadratie  oeto- 
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hedroD  (also  called  square-based  double  pyramid/  and  the  right- 
square  prism,  Figs.  178  and  179.  The  pyramids  of  this  system 
have  square  Imses. 


FlO.  178. 


Fig.  179. 


Quadratic  octohedron. 


Right  Miaare  or  quadratic  prism. 


Among  the  modified  forms  are  the  truncated  quadratic  octohedron, 
Fig.  180,  and  the  quadratic  pyramidal  prism,  Fig.  181. 


Fio.  1«0. 


Fig.  181. 


Tnincated  quadratic  octohedron. 


Quadratic  prism  with  pyramidal  ends. 


Potassium  ferrocyanide,  calomel,  nickel  sulphate,  boron,  tin, 
stannic  oxide,  magnesium  sulphate,  zinc  sulphate,  etc.,  cr}'^stallize  in 
this  system. 

3.  The  Rhombic  System,  also  known  as  the  Trimetric  or  Right 
Prismatic  System. 
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Crystals  of  this  system  have  three  unequal  axes  intersecting  each 
other  at  right  angles,  shown  in  Fig.  182.  The  fundamental  form  of 
this  system  is  the  rhombic  octohedron  or 
right  rhombic  double  pyramid.  See  Fig. 
183.  A  modified  form  is  the  rhombic 
six-sided  prismatic  pyramid,  Fig.  184. 

Potassium  sulphate  and  nitrate,  resorcin, 
zinc  sulphate,  citric  acid,  iodine,  rochelle 
salt,  mercuric  chloride,  barium  chloride, 
tartar     emetic,     codeine,    salicylic     acid. 


Axes  of  the  rhombic  system. 


Rhombic  octohedron. 


piperin,  Epsom  salt,  silver  nitrate,  ammonium  sulphate,  cream  of 
tartar,  etc.,  crystallize  in  this  state. 

4.  The  Jle.iagonal  or  Rhomhohedral  System,  Crystals  of  this 
system  have  four  axes,  three  of  which  are  of  equal  length  and  are 
called  secondary  axes,  whilst  the  fourth,  known  as  the  primary  axis, 


Y\(,.  IM. 


,..  --'■  -^    /'---> 


Khoinl.ic  i>rij*in. 


Axe«  of  the  hexagonal  nystem. 


is  citJH'r  Ion«:er  or  shorter  than  tlie  other  three.  The  primary  axis  is 
at  ri^ht  an^lrs  to  tlic  plane  of  the  s(H*ondary  axes,  which  intersect 
(»jirli  otlirr  at  acute  antics.     Scm*  Fi*r.  185. 

Tlic  fiiudaincntal  form  is  th<*  double  six-sided  pyramid,  Fig.  186. 
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The  rhombohedroD,  Fig.  187,  and  the  regular  six-sided  prism,  Fig. 
188,  are  modifications  of  this  system. 


Fig.  186. 


Fig.  187. 
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Doable  six-sided  pyramid. 


Rhombohedron. 


Sodium  nitrate,  camphor,  graphite,  ammonium  chloride,  ice,  calc- 
spar,  thymol,  metallic  bismuth  and  antimony,  arsenic,  silicic  acid, 
etc.,  crystallize  in  this  system. 

6.  The  Moiiodinic  Systeniy  also  known  as  the  Monosym metric, 
Clinorhombic  or  Oblique  Prismatic  System. 


Fig.  188. 


Fig.  i**9. 


Fig.  190. 


- <, 


Six-sided  prism. 


Axes  of  the  monodinic  system.      Monoclinic  double  pyramid. 


Crystals  of  this  system  have  three  unequal  axes,  two  being  obliquely 
inclined  to  each  other,  the  other  axis  forming  right  angles  with  these 
two.     See  Fig.  189. 

The  fundamental  forms  of  this  system  are  the  monoclinic  double 
pyramid  or  octohedron.  Fig.  190,  and  the  monoclinic  prism.  Fig.  191. 

Ferrous  sulphate,  borax,  lead  awtate,  cupric  acetate,  tartaric  acid, 
potassium  chlorate  and  sodium  ac^etate,  sulphate,  thiosulphate,  phos- 
phate and  carbonate,  crystallize  in  this  system. 

6.  I%«  Triclinio  Syntemy  also  known  as  the  Asymmetric,  Clino- 
rhombohedral,  or  Doubly  Oblique  Prismatic  System. 
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This  is  the  least  r^iilar  of  all  the  systems^  the  crystals  having 
unequal  axes,  all  obliquely  inclined  to  one  another.     See  Fig.  192. 


Fig.  191. 


Fio.  192. 


Monocllnlc  prism. 


Axes  of  the  tridinle  syvtem. 


The   fundamental  forms  of  this  system  are  the  triclinic  prisniy 
Fig.  193,  and  the  triclinic  octohedron.  Fig.  194. 


Fm.  i«J3. 


Fio.  IM. 


Triclinic  prism. 

Cupric  sul})hate,  jK)ti^s.siuni  dichro- 
matc,  gypsum,  lx)rir  acid,  manganons 
sulphate,  etc.,  cystallizc  in  this  system. 

The  pyramidal  form  of  crystals  is 
foun<l  in  all  the  systems  above  de- 
sctIIkmI,  while  the  cuIk'  is  confineil  to  Triciinio  pyramid, 

the  regular  system,  and  prisms  are  met 

in  all  but  the  regular  system.  The  propT  chtssitication  of  a  crystal 
may  Ih'  «letermine<l  by  meaMU'ement  of  the  angles  and  subsequent 
eal<'ulati»»u  of  tin*  IfUgth  and  inclination  of  the  axes  ;  the  instru- 
ment us^mI  \\)r  this  ])nrpose  is  known  as  a  goniometer. 

Varii»u«^  metlKnls  are  eniployc<l  tor  obtaining  <Tvstals,  dependent 
upon  the  nature  of  the  snb.staneo  to  be  erystallized  :  thus,  by  sub- 
limation ;  i»y  deposition  from  su|MMsaturate<l  solntions  as  they  cool : 
by  drpo.^ition  from  solutions  durinir  slow  evaj>oration  of  the  solvent  ; 
by  pr(N-i]»ilation  ;  by  fusion  an<l  partial  cooling;  by  the  action  of  a 
g-alvam'fM-urnnt  upon  a  solution  ;  and  by  the  a<Idition  of  a  substance 
having  a  stroui:  allinily  for  the  si^lvcnt,  thereby  withdrawing  it 
froiu  the  M»lution.  The  mrth(Ml  genenilly  followed  is  the  gradual 
s«paration  from  siipersatiu'atnl  .solutions  as  they  cool  ;  if  a  solution 
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of  saline  matter  mmle  witli  aid  of  heat  is  all<>vviil  ti»  cool  slowly,  tlie 
water  will  gmdually  evaporatts  autl  in  some  euj^fS  a  part  of  it  will 
unite  intimately  with  tlie  s^jluble  subntauee  to  form  erystals.  Water 
which  is  thus  appropriatal,  and  which  is  essential  to  the  constitu- 
tion of  the  crystals,  is  calle<l  water  of  enfstallizaiioti  :  it  varies  gr^eatly 
for  different  ftul)stan»:^8,  ranuing  from  **>  to  W  \kh'  cent,  of  tlie  weight 
of  thf  crystals.  Crystalline  iKMiies  in  which  thii?  water  is  entirely 
absent  are  said  to  Im?  anhydrous.  Some  ?alts  combine  with  various 
proportions  of  water  of  crystallization  according  to  the  tem|)erature 
at  which  crystallization  takes  [Jace,  the  crystals  assuming  different 
forms  according  to  the  amount  of  water  taken  up  ;  sodium  carbonate, 
sodium  phosphate,  au<t  zinc  sulphate,  are  examples  of  this  class* 

S^jme  crystaii^  will  part  with  a  portion  of  their  w^ater  of  crystal- 
lization  w*hen  exposed  to  the  air,  ptirticuiarly  if  the  latter  is  slightly 
warm  ;  they  gradually  lose  their  tninsjmrency  and  the  surface  be- 
comes oparpie  from  a  de|>osit  of  dry  powder.  This  change  is  termed 
t*porf»vnivr,  and  is  fre<jnently  observed  in  Epsom  salt,  sodium  car- 
lM>nate,  and  lx>rax.  Other  crystals  are  inclined  to  aKsorb  moisture 
from  the  atmosphere,  and  in  some  instances  even  to  such  an  extent  as 
to  liquefy  ;  the  terms  hygrmcopic  ^m\  deHquesveni  are  used  to  designate 
this  peculiar  property,  the  latter  applying  to  the  more  a^mvatcd 
form.  Potassium  hyp^phosphite,  zinc  chloride  and  ii>dide.  potassium 
acetate  and  carl^Kmate,  and  lithium  hruiui<le,  are  examples  of  deliques- 
cent erysfals.  As  a  rule,  crystals  ccmtainiug  water  of  crystallization 
do  not  absorb  moisture  from  the  air,  although  ciileium  chloride, 
jK)tat^iuui  citmte,  and  scwliura  hyjx>pho»phite  are  marked  exceptions. 

liesideis  the  water  needetl  for  crystallization,  some  is  also  at  times 
mechanically  reiaint^d  within  the  crystal  during  the  formation  of  the 
latter,  and  is  violently  exjK'lled  ujKin  application  of  heat ;  such  water 
is  ealletl  ittierHtitial  trtiter,  bet -a  use  it  tills  small  interstices  or  spaces 
in  the  crystal,  and  water  oj  iieerepUation,  because  it  causes  the  crys- 
tals to  decrepitate  or  crackle  when  heated,  due  to  slight  explo^iions 
caused  bv  the  escape  of  aqueous  vapor  from  a  cx)n lineal  space.  It  is 
impossible  to  crystallize  all  of  the  substant*e  held  in  solution,  by  a 
single  operation — a  portion  will  remain  in  sr^lution  in  some  of  the 
water,  aufl  this  liquid  <*onstitutcs  the  mofher-liquor,  which  also  retains 
the  more  sohible  impnritie^i.  Ry  further  concentration  the  mother- 
liquor  can  he  ma<lc  to  yield  fresh  croi>s  of  crystals. 

The  time  nctt^ssury  to  complete  crystallization  wnll  vary  with  the 
nature  of  the  dissolvnl  \Kn\y  ;  the  end  may  l>e  assumed  to  have  been 
rctti'hi'd  when  the  f^olution  lins  attained  the  tf^uqxTature  of  the  •iur- 
roumling  atmosplien%  and  tin*  time*  for  this  must  vary,  since  the  dis* 
^oIvmI  lH»dy»  by  apiin  taking  on  tin*  solid  torm,  is  continually  giving 
out  latent  heat  to  tht*  surrounding  solutiou,  and  thus  the  actual  c*ix)l- 
teg  is  ntanhni.  For  small  <|uantities  au<l  nt)t  very  soluble  substiinociS 
tw^enty-four  to  thirty-six  hours  sfioidd  Im  allowed,  while  large  v*4umes 
<if  solution  of  niidily  mjlublc  matter  will  require  from  tliree  to  six  or 
eight  days. 
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In  order  to  obtiiin  lar^e  and  wdl-fonnecl  rrvMals  the  solotion 
should  not  be  made  t(x>  ooufeutrnttxl,  and  shonltl  h^  cai'efnlly  filt<»recl 
to  obtuin  a  |>erfectly  clexir  licjuid,  which  should  be  allowed  to  remain 
uudJsturlxsl  and  protected  against  dnst,  in  a  moderate  teinperatun? ; 
it  \H  the  very  slow  evaporation  of  the  solvent  that  enables  the  pir- 
ticies  of  dissolved  matter  to  arrange  themselves  harmooioiiRly  ami 
isymnielrieally  aronnd  the  centra  of  the  crystal  forming.  Perfin-t  n-st 
18  ecjually  e!?seDtial,  as  agitation  of  the  crystiillizlng  solution  triids 
to  disturb  the  gradual  uniform  deposit  and  causes  the  formation  of 
amall  and  imperfect  crystals,  as  in  the  case  of  commercial  mo^H*$iiim 
sulphate,  zinc  sulphate,  etc. 

The  proper  degree  of  eoucentration  of  the  solution  mu.^  I>e  de- 
termines i  by  the  !4olnbiruy  of  the  substauce  to  be  crystal li/j?d.  If  the 
substance  is  only  moderately  soluble,  tlie  solution  may  bi^  evaporated 
until  a  crystalltne  crust  or  jH^llicle  begins  to  form  on  the  top  of  the 
liquid  ;  but  in  the  case  of  very  soluble  snl>staBces  such  a  degree  of 
concentration  would  be  too  great,  and  a  IxHter  plan  is  to  evaporate 
the  solution  until  a  small  portion  tnmsferred  to  a  glass  plate  crystal- 
lizes within  a  i'i?asonable  length  of  time.  In  large  operations,  the 
manufacturer  relies  u[x)n  the  <lensity  of  the  solution  as  uidieated  by 
the  hydrometer,  and  ev^apomtion  is  continued  to  such  a  }X)iut  a** 
cxperieutHi!  has  timght  to  l)e  most  desirable  for  perfect  crystallization. 

The  vessels  best  adapted  for  crystallization  arc  deep  ron 
stoneware  basins,  c^IUhJ  crystal  I  izers,  fre<iueutly  arranged  v 
to  facilitate  the  decautatiou  of  the  (nolher-lif|Uor ;  wockIcu  vats  arc 
also  extensively  employed  by  mauulticturiug  chemists,  and  in  sotm* 
CftjBes  these  are  lined  with  lead.  For  very  small  n|)erations,  glass  or 
porcnOain  dishes  may  be  employed,  but  their  smooth  surface  rs  nnt 
favi»rat>le  to  the  deposit  of  crystals. 

Crystallization  is  often  faf^ilitated  by  phieijig  insoluble  fcu'cigu 
sulwliuuxv^  in  the  solution^  whi<*h  form  start ing-}XHnts  or  uneh-i  for 
the  prtMX'jfL'*,  and  to  which  the  crystallizing  sut»stanc<*  readily  attached 
itself;  pieit^  of  siring,  wirt»,  w(H»d,  etc.,  mav  be  use<i  for  the  pur* 
{K»e,  Sugar  iJ^  thus  crystal  I  ize«l  iu  the  ftirm  of  rock-carHly,  by 
stretching  strings  t rangvers*ely  acixjss  the  Iwxes  and  tubs  into  whith 
the  syrup  is  pouritb 

Since  crystals  do  not  increase  iu  size  from  within,  as  do  animals  aiul 
plants,  but  grow  fmm  without,  by  de|HiHition  of  m\\i\  matter  u|)ou 
their  surface,  it  is  (Kiefiible  to  procure  large  and  well-formetl  crystals, 
for  specimen  purposes,  by  suspending  a  crystal  in  a  saturated  solution 
of  its  own  constituent  matter.  Tliis  procc^ing  nuiy  be  termeil 
ftiirtihif;  a  crystal.  Isomorphous  cry»%tals  are  (tipable  of  growini:  in 
each  other*s  &oluti«»n  ;  hence  if  a  r»rvstal  of  potassium  alum  U»  sus- 
(iende<l  in  a  solution  of  ferric  alum  or  chrome  alum,  the  latter  wHll  \)e 
found  uniformly  deixisited,  and  thus  a  complete  envelope  of  chrome 
or  ferric  alum  will  grow  on  the  original  crystal  of  potasj^ium  alum. 


CHAPTER   XII. 

J^ICATION   OF  NATURAL  PRODUCTS   USED   IN 
PHARMACY, 

I*LANT>5,  either  spontaneously  or  after  due  subjet^tion  to  various 
prooesses,  yield  certain  vegetable  t»ul»btanee8  which  are  extensively 
employed  in  pharmacy,  and  which,  owing  to  their  different  Whavior 
to  comiKisititjin,  solubility,  etc.,  have  been  divided  into  distinct 
elaaeee,  thus:  gums,  resius,  oleoresinSj gum-resins,  balsams,  fats, essen- 
tial crils^  etc,  Unfortunately  the  names  which  fr(»m  loutj  usage  have 
been  applied  to  some  drugs  are  not  in  all  cases  indicative  of  their 
true  nature  ;  hence  a  knowledge  of  the  characteristics  of  each  class  of 
plant  products  is  esi?cotial  to  guard  against  errors  in  nomenclature, 
which  ai'e  of  daily  o^xjurrent^^  in  commercial  transactions;  for  in- 
stance, the  names  balsam  of  Jir  s^ud  balsam  copaiba  are  applicnl  to 
anbstan<x^  lielonging  to  the  class  of  olcorcsins,  and  not  containing 
any  (»f  the  principles  which  characterize  the  balsams;  gum  guaiac 
and  gum  mosUehe  are  pure  resins ;  gtim  benzoin  belongs  to  the  class 
of  Imlsamsi  and  gum  opium  is  an  inspissated  juice  of  complex  com- 

jHtsilJfUU 

Tru**  gums  are  amorphous  exudations  wholly  soluble  in  cxjld  water, 
which  are  not  aflectcil  by  imline,  but  are  precipitated  by  alcohol  and 
dilution  of  lead  subacelate,  ti\e  latter  Ijeing  a  most  delicate  reageut 
for  the  presence  of  gums.  Neutral  or  normal  lead  acx^tate  is  i^eadily 
inii^dbk'  with  solutions  of  the  true  gums,  of  which  ac»acia  may  Ik* 
taken  an  a  type.  A  das:^  of  i^ub!^tanees  formerly  called  gums  are  ni»w 
roor*^  appropriately  known  hh  mucilages,  lK?cause  thc^y  differ  iu  several 
respect H  from  the  true  gums  ;  they  are  not  completely  soluble  iti 
water  (eold  or  hot),  but  absorb  the  same,  and  in  some  instances  swell 
to  a  gelatinoid  mass.  Mucilages  are  frequently  mixed  with  starch, 
which  is  easily  detected  by  the  bine  color  produceil  upon  addition  of 
i<xline  s<>lution.  Tragacanth  and  the  gummy  c^onstituents  of  flax- 
seed, elm  bark,  (|uinc<-»  seed,  etc.,  belong  to  the  class  of  mucilagt«.     , 

Kesins  are  at*cTetory  prtHltict^.  in  some  instant^.s  the  result  of 
oxidation  of  volatile  oils^  and  are  widely  difl*ui*ed  in  the  vegetable 
kingilom  ;  they  are  wholly  insoluble  in  water,  except  in  the  presence 
of  iiittstic  alkalies,  but  are  n^adily  s*»luble  in  akH:>hol»  ether,  and 
*'T  "  ^  ni,  and  frcf|ncntly  in  ftxi^l  and  volatile  oils.  li^'sins  are 
fi  lid  and  brittle  nt  ordinary  temperatures,  generally  amor- 

f>hoUi«i  rciulily  fusible  and  iuHinnmablet  be(X>me  nc^gutivdy  electric 
ty  friction*  dtH-ompuHc  Uforc  volatilizing,  and  are  prtn^'pitatecl  from 
their  sol ution««  by  water  and  aeitb.     Pine  resin,  mastichc,  jalap  n'sin, 
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and  giiaiac  resin,  are  example's  of  this  valuable  class  of  plant  pro- 
ducts. 

Oleoresins  occupy  a  position  intermediate  l)etween  resins  proper 
and  volatile  oils,  and  partake  of  the  properties  of  both  classes;  their 
existence  confirms  the  view  held  as  to  the  formation  of  some  resins  in 
plants,  and  their  consistence  varies  with  the  relative  proportions  of 
resin  and  volatile  oil.  Like  the  resins  proper,  oleoresins  are  insolu- 
ble in  water,  but  soluble  in  alcohol  and  ether ;  they  possess  a  marked 
odor,  due  to  the  volatile  oil  present,  which  latter  can  l)e  separated  by 
distillation,  leaving  the  resin  as  a  solid  residue.  White  turpentine 
is  an  examj)le  of  solid  oleoresins,  and  copaiba  of  liquid  oleoresins. 

Gum-resins  exist  in  plants  in  the  form  of  an  adhesive  milky  juice 
composed  of  variable  mixtures  of  resin  and  gum  suspended  in  water; 
they  are  obtained  as  exudations,  by  wounding  the  stem  or  root  of  the 
plant  and  allowing  the  juice  to  dry  spontaneously.  The  proportion 
of  gum  and  resin  varies  considerably,  not  only  for  different  gum- 
resins,  but  also  for  diff'erent  samples  of  the  same  gum-resin,  and  those 
lots  are  most  valuable  which  contain  the  largest  amount  of  resin. 
The  activity  of  the  drug  resides  wholly  in  the  resin,  and  this  fact  is 
taken  into  consideration  in  the  official  formulas  for  the  tinctures  of 
asafeti<la  and  myrrh.  A  peculiarity  of  all  gum-resins  is  that  when 
projKTly  triturated  witli  water  they  yield  milk-like  mixtures  termed 
ennilsions,  which  fact  is  due  to  the  susjxinsion  of  very  finely  divided 
resin  in  the  solution  of  gum;  these  milk-like  mixtures  cannot  be 
obtained!  if  the  commercial  finely  j>owder<H:l  gum-resins  be  triturated 
with  water,  but  re(juire  the  use  of  the  natural  j)r<Kluct  in  coarse  pow- 
der. As  j)r()miiK'Pt  gum-resins  may  be  mentioned  asafetida^  myrrh, 
scanimony,  and  ammoniac!. 

Balsams  are  either  resinous  or  oleoresiuous  setTetions  containing 
benzoie  or  (•innami<'  acid,  or  both  ;  it  is  the  presence  of  these  acids 
which  distiiiguislnvs  the  balsams  from  ordinary  resins  and  oleoresins. 
Balsams  are  soluble  in  alcohol,  ether,  or  chloroform,  but  insoluble  in 
water,  although  the  balsamic  j)rinciples  ciui  l)e  extriieted  by  sublima- 
tion or  by  treatment  with  hot  water.  Benzoin  and  balsam  of  tolu 
are  examples  of  resinous  balsarjis,  whilst  storax  and  balsam  of  Peru 
Ix'long  to  the  oleoresinous  variety. 

Fats  and  Fixed  Oils. 

The  fats  used  in  |)harmacy  are  <lerive(l  fnnn  the  vegetable  as  well 
as  the  animal  king<lom,  and  are  divide<l  into  fats  pro|x?r  and  fatty 
oils,  the  latter  IwMug  known  in  pharmacy  more  particularly  as  fixe«l 
oils:  when  strictly  |)Mrc  they  are,  as  a  rule,  colorless,  odorless,  and 
tasteless.  True  fats  are  strictly  chemical  compounds  of  glycerin  and 
fatty  aci<ls,  and  arc  known  as  (jlein,  palmitin,  and  stt^arin,  the  former 
Iw'iji*:  li«|ui(l,  while  the  two  latter  are  S(»lid.  In  fatty  oils,  olein  pre- 
ilouiinates:  while  in  solid  fat*^,  |)almitin  and  stearin  are  present  in 
gn^ater  j)roportions.      Fix<il  oils,  as  a  rule,  are  li<|uid  at  ordinarj' 
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temperature,  while  fats  pm|H?r  are  of  a  soft  eonsistenee  and  niosllv 
yield  liquid  fats  w lien  subjected  to  a  gradually  inerea.'ied  pressure : 
those  oi'a  firmer  cousistence  are  usually  termed  tallows  or  suets,  arid 
surli  as  are  brittle  at  ct»mniun  temperatures  are  kuown  as  waxe*ifj 
l»ut  these  are  not  true  fats.  The  origin  nf  fixe«l  oils  in  plants  is  sup- 
p<*stMl  t«»  \ie  llie  staiT'h,  while  in  auinml  fats  tlii-v  are  more  prolmbly 
derived  fmru  alliuminous  matter.  Fats  are  lij^hter  than  water,  and 
iosolulile  in  tljat  liquid  ;  sparingly  soluble  in  eold  alwhot,  with  one 
or  two  exix^ptions  ;  but,  as  a  rule^fret»ly  soluble  in  ether,  eh loroform, 
|>etroleum  lieiiziu,  i-arbon  disulphiile,  benzene,  etc* ;  a  hot  alcoholic 
solution  of  fats,  in  most  instaneei^,  will  deposit  them  in  a  erystallino 
condition  upon  cooling.  All  fats,  whether  liquid  or  stjlid,  apj^ear 
greasy  to  the  touch,  and  when  dropped  ujMjn  pa|>er  prcxkic^  a  staiu 
which  cannot  be  dis.'^ipated  by  heat ;  thev  have  J>oiling-|)oints  vary- 
ing from  260^  to  ^00°  C\  (SOO*"  to  572^'  F*),  aud  frequently^  when 
thus  heated,  undergo  decomposition  and  give  off  acrid  irritating 
vapors.  Fixed  oils  usuallv  liave  a  specific  gravity  of  frfjm  O.IHM)  to 
i)MO  at  15*^  C  (59^  R),  though  occasionally  it  runs  as  higTi  as  0.970, 
as  in  the  case  of  castor  oil  ;  many  oik  do  not  congeal  until  the  tern- 
jfcerature  has  fallen  cimsidenibly  below*  0°  C.  (•^2'^  F.),  while  others 
deposit  M>lid  matter  at  10*^  C,  (50^  FX  Like  water,  fixed  oils 
exjmn<l  U[K>n  congealing,  and  have  been  known  to  burst  the  vessels 
<*ontaininy^  them.  Fats  are  not  inflammable,  but  will  burn  m*ire  or 
k«s  readily  by  the  aid  of  a  wi<'k,  Nearly  all  vegetable  and  animal 
fats  consist  of  a  mixture  of  two  or  more  fills,  and  when  exposed  to 
the  air  become  nxidizc<l,  many  nf  them  gradually  assuming  a  dis- 
agreeable odor,  due  to  the  liU'niiiou  of  lidorous  fatty  acids;  this 
iimdition  is  known  as  ranmJitij,  and  may  be  avoided  by  ktH'])ing  the 
tats  as  free  from  moisture  as  jMissible,  in  air-tiglit  cxmtainers  stored 
in  a  dry,  cw»l,  and  dark  [»ljiec.  Unncid  fats  may  Ix*  improved  and, 
to  a  c?ertain  extent,  nstore*!,  by  washing  them  with  warm  water,  or 
by  titrating  them  with  magnesia  or  other  weak  alkali,  and  afterward 
washing  tiiem  well  During  the  oxidation  of  fats  by  exposure  to 
air,  heat  is  always  develoj>ed,  and  certain  fabrics,  such  as  w«3olleD 
and  cotton  rags,  which  are  known  to  \yQ  jvoor  i*onductors  of  halt*  are 
liable  to  spontaneous  ignition  if  saturate*!  with  fats  and  expose*!  t^ 
the  air  for  some  time.  Fixed  oils  raay  Ik*  conveniently  divided  into 
drying  and  nondrt/infi  oils  ;  the  former  u|>on  cx|>osure  to  air  gi-adu- 
ally  thicken,  ami  if  in  thiu  layers,  form  varnish-likc  masses,  wheivas 
the  non-drying  oris  remain  Huid  and  !>cc**ime  rancitl. 

Although  fats  arc  found  in  vnrious  [>jirts  of  plants,  those  int<*nde*i 
for  tis**  are  c*>ne<'te<l  exclusively  from  tlu*  fruit  and  seed,  and  are 
obtained  either  by  expression  or  by  extniction  with  some  suittdde 
mdvent ;  the  former  proc^'ss  yieldii  somewhat  lower  results,  but  is 
pn^fcrnnl  Iw-causi^  lesn  troublcsom*' and  [inKluctivf-  in  many  c^ses  r*f  a 
sU|»<Tior  arti(*fi*.  In  Fig.  !!»'>  is  shown  an  hydrnulic  press  extensively 
oaed  lor  the  expression  of  nnistanl,  cotton  scetl,  and  liurii^  oils. 
The  iTllsfN-d   iiiatrriJil.  :ifb'r  beili*/  Iirafed  --ninfU  liril,  1*^  pl;i«v<l  Iii  s:i«  ks 
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or  (>r*^s-C"Iutlis  lx!twtH»u  thti  fieries  of  plakn,  and  pressure  applied 
Ironi  l)elo\v,  tlie  oil  Ixniig  (.'olIiHled  in  the  large  box  or  trough^  and 
from  there  delivertd  into  the  ren^eiviojj  vessel.  The  residue  from 
certain  seed  expi^essious  is  used,  iiuder  the  name  of  oil-cake,  as  food 
for  ml  tie  ami  hogs  or  for  fertili/inj^  purposes.     Cold  expresftioD 


Vich  iy». 
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^"vield.H  n  thu*T  oil  th:in  when  htiit  h  eia|>Iovcd,  jilthoii^h  slight  warm- 
ing i>»  gHU'nilly  iVNiiiod  In  so  ii8  t*»  rmdrr  tin*  oil  inurt"  tliiid  in  the 
aeeiljUid  ihun^  tnHtin*  a  \H*iU*r  flow.  Kxpresf^'d  oils  an'  always  more 
or  lew  oontatninaUHi  with  inipuritit^,  hucIi  as  mucilagttioud  and  albu- 
uiimitiH  matt**r,  whirli  art*  rtmovHl  by  alhiwing  the  oil  to  «*ettle  in 
lai>"         '  '    "  oft*  the  elear  liquid.     Fr«H|m'ntly  fdtration 

10  en  Ji:  the  quality  of  the  oil^  felt  or  flannel  baga 
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beinj^  b€«t  athipttd  tor  this  pur^xise.  Wfioii  purification  of  fixed  oils 
becomes  ncc*4-^?iSiiry  they  tire  treateil  <  ither  with  sulphuric  acid,  caustic 
alkalicSi  xine  chloride^  tannin^  or  alkali  airbotiates,  and  subsequently 
washetl  witli  hot  water,  aft<T  which  they  are  carefully  decanted. 

T fie  extraction  of  fixixl  oils  is  couductcfl  in  specially  constructed 
extnictors,  fiwpiently  h>  arranged  that  the  solvent  k  made  ti>  act 
upon  successive  portions  of  crushed  seed,  the  saturated  solution  of 
fat  F>eing  then  tmnsferrKl  to  a  suitable  distillalory  apparatus,  where 
the  solvent  is  recovereil,  to  Im*  again  used  for  subsequent  opt^rations. 
The  solvents  usually  employed  are  petroleum  Ix'uzin  of  low  boiling- 
point  and  i^arbon  disulphide;  tlie  oil  is  obtained  in  larger  quantity 
than  by  expressioti,  and  is  free  from  many  ini[>unties  often  tound  in 
expressed  oils. 

Fixed  oils  are  fi'equently  snbjeeted  to  a  bleaching  process,  which 
consists  in  treating  tlie  oil  WMth  solution  of  hydrogen  aioxide,  potas- 
sium permanganate,  notassiuni  diehroniate,  chlorine,  or  sulphumus 
acid  ;  of  tlicse  methocis,  the  hydrogen  dioxide  process  is  preferable, 
as  it  is  least  liable  to  injure  the  oil,  while  the  use  of  other  bleaching 
agents  necessitates  repeated  washintj  of  the  oil  with  water  and  even 
weak  alkali  solutions  to  remov^e  acid  oxidation  prothicts. 

The  adulteration  of  fixed  oils  is  effected  l>y  mixing  the  finer  and 
more  valuable  oils  with  inferior  and  cheaper  varieties,  and  as  the 
crude  methods  of  former  years  are  no  longer  practise<l,  a  l)ctter 
knowdedge  of  the  chemical  b<^havior  of  fats  and  fixed  oils  is  neces- 
sary at  the  pre^^nt  day.  Caustic  and  carbonated  alkalies  are  prao- 
tically  without  effect  UJx^u  fats  and  fixed  oils  in  the  cold  unless  free 
acids,  due  to  rancidity,  be  present ;  a  more  or  less  uniform  mixture 
results,  but  no  chemical  cfjaugc  is  prcwiuced.  If  boiled  together 
with  solutions  of  alkali  hydroxide  or  C5irlx>nate,  all  fats  and  fixed 
oils  useil  in  pharm»cy,  with  tlic  exci'ption  of  lan(»lin,  wax^  and  sper- 
maceti, readily  undergo  saponifitnliou  and  form  water-soluble  c^jra- 
pounds ;  the  amount  of  caustic  64xla  or  potassa  necessary  to  saponify 
one  fp^amme  of  fat  varies  for  each  fat  and  fixed  oil,  and  expressed  in 
millu/rammes  is  known  as  Koettstorfer's  saponification  tactor,  by 
means  of  which  the  purity  of  fixed  oils  may  be  tested.  Since  fatty 
compounds  are  capable  of  ut»itini;  with  iodine,  a  method  for  the  de- 
tection of  admixtures  in  fix^^l  oils  has  been  proposed  by  Huebl,  the 
auantity  of  i<j<line  combining  with  a  given  weight  of  the  oil  being 
ifferent  in  each  case;  the  number  of  grammes  of  iodine  absorbed 
by  100  grammes  of  any  fixctl  oil  expresses  the  imline  addition  factor 
of  that  oil.  (These  two  methmls  are  more  fully  ex plainf\I  under  the 
heail  of  Pharnmceutic^al  (1j(*mistry.) 

Dr\'ing  oils  may  Ik*  distiuguishcHl  from  non-drying  oils  by  their 
Imhavior  with  sul[>huric  and  nitrons  acids.  If  50  (im.  of  a  fixed 
oil  Ih»  mixe<J  with  10  i.\\  of  cimcentratcxi  sul|>huric  acid,  heat  w^ill 
lie  developed  varying  in  intensity  fi>r  <liffcrent  oils,  the  drying  oils 
always  showing  the  gi'eiite>t  rist'  in  lemiM^mturc ;  thus,  wliile  olive 
oil   increase's  42^  C.  in   tcrnjH'rature,  cjisior  oil  47^  C\,  and  oil  of 


almond  52*^  C\,  lieni|jsei'(!  oil  will  show  a  rise  of  U8^  C,  linn  mis 
oil  103°  C.  When  JiiixocJ  with  nitrous  acid,  nou-dryiujr  oiliS  will 
gnuhmlly  ln' eoQvertal  into  a  solid  iims8,  while  drying  oil'*  remain 
riuid  eveii  after  prolonged  contact,  altliough  a  few  l>et!ome  aomewhat 
thicker.  The  test  is  made  by  agitating  for  a  short  time  one  jmrt  of 
co})[>er  foil  with  five  parts  tiieh  <»f  nitric  acid  and  the  oil,  and  netting 
tiie  nuxtnreaside  for  about  six  hours^  when  solidification  is  j^nerall y 
com|*leted*  Among  the  prominent  non -drying  oils  are  <jUve  oil, 
i^fitor  oil,  alnitmcl  oil,  lani  oil,  sesame  or  licnne  oil,  mustard  oil, 
fK>Iza  or  mi>e8eed  oil,  and  gronndriut  oil,  while  the  following  belong 
to  the  drying?  oils:  linsocd  oil,  cottonseed  oil,  poppyseed  oil,  Iiemp- 
seed  oil,  and  walnut  oil. 

Animal  fats  arc  usually  ubtaincd  by  rendering  over  a  slow  fire 
and  then  straining  to  remove  the  particles  c>f  luembraoous  tissue  ; 
like  vegetal >le  fats,  they  should  be  preserved  in  well-clo6e<l  ves8»iU 
im))ervioud  to  iiat,  in  a  cool  plan?,  protectee!  against  moisture  and 
light.  Of  the  fats  anil  fixed  oils  recognized  in  the  PharmacojKeta, 
tfeven  are  of  animal  and  eight  of  vegetable  origin. 

The  Official  Fats  and  Fixed  Oils. 

Adep€.  LanL  Tins  is  the  prepart^l  alKlominal  fat  of  the  hog  de* 
rived  from  the  so-called  fcaves^  and  is  preferably  colle<^ted  in  the  winter 
or  early  spring,  as  it  has  a  higher  fusing-pjint  than  that  coIle<ied  in 
summer.  It  is  obtaintxl  by  n*moviug,  as  far  as  possible,  all  foreign 
matter,  washing  well  with  water  after  the  fat  has  been  cut  into  small 
uieoes  and  then  melting  witlj  a  mmlerate  heat,  or  a  steam  or  water 
bath,  until  all  water  is  dissipateil.  Lai'd  is  slightly  soluble  in  alcx>hul 
and  readily  so  in  ether,  chloroform,  carlmn  disulphide,  or  benxin  ; 
it  fiisefl  at  ^^8*^-40^  C.  (100.4^-104^  R)  to  a  dear  ix»lorlc^  !i.|uid. 
and  at  30°  C.  (86°  F.)  again  returns  to  a  w>ft  solid.  In  ordn  :. 
render  lartl  inodorous  to  each  |>ound  of  it  meltedififte^^n  grains  uf 

Eowdered  alum  and  thirty  grains  of  tal>le  salt  are  added^  and  tlie 
eat  continued  as  long  as  a  seum  rises  I  this  is  removed,  the  lard  h 
allowed  to  cool,  and  then  well  wiished  with  a  constant  stream  of 
w*ater  until  all  trat^*^  of  the^dt^  iiave  lx?en  removed.  Finally,  the 
fnt  is  RMiieltetl  and  the  heat  continut^l  until  all  the  water  has  lieen 
cvaponitc<h  Lard  consistM  of  a  liquid  fat  known  as  olein  and  a  solid 
tilt  Kn«>w  ti  as  Mrariuf  which  t^n  be  rt^atlily  sej>arate<l  by  expression  at 
h*w  tem|^)enitures ;  tlie  liquid  iiit  is  odicially  employed  under  the  name 
of  lartJ  oil,  but  the  stearin  alone  is  not  use<l  in  pharmacy.  Owin^ 
to  the  pH'fM'ncc  of  tlii^si'  two  <ats,  meltc<l  Innl  when  allowed  to  co«>t 
utowly  will  iMH'fime  granular,  tfic  mon*  solid  fats  |»arlially  dejNinitin^. 
beni*e  nn  Muooth  pnNluct  iiin  U' olitaimt]  ;  lurd  and  its  pre|ianition^ 
Hhen  meltiH]  shoidd  always  l»e  stirred  until  cjim^I,  or  at  least  until 
a  uniform  creamy  ruixturo  restdtji.  Commcrtnal  lard  is  lial>le  to 
contain  Ptar«*h,  nlkaliei*,  added  to  improve  the  w*htteJiet^,  and  tabic 
fialt  mixed  with  it  as  a  pre?«erviiti%'e;  thcise  sub.Htiin<H*s  the  I^hartmi- 
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ci»jxeia  it'cjuii'os  to  be*  abKiit  in  the  nu*rlicinal  lard,  as  flunvii  by 
appropriate  tt»srs.  Sinc-t»  lard  may  \hi  adiiheratt'tl  with  eottons(>ed  ui)\ 
the  official  §.ilver  nitrate  test  for  this  admixture  should  not  be  omitted* 
Pure  lard  is  lial>le  to  become  rancid  if  kept  for  &ouie  time,  lieoce  the 
Pharmacopeia  directs  its  preservation  by  l>enxoinatincr.  Tliis  is  done 
by  sus|K?ndiug  two  parts  of  coarsely  powdered  benzoin,  coutaine<l  in 
looi^ely  textureil  eloth^  tor  two  houi^,  in  1(X)  |>arts  of  melted  lard  at  a 
temi>erature  not  exci*edin*j  t»0°  C.  (HO'^  F.),  in  a  covered  vessel,  then 
straining  and  cooling.  Tiie  lialsaraie  principles  of  benzoin  are  solu- 
ble in  the  melted  fat,  and  protect  it  afterward  against  change.  In 
summer,  the  prei>aration  which  is  officially  known  as  Adeps  Bcn- 
zoinatns  sh'Uild  contain  5  jx^r  cent,  of  white  wax,  in  place  of  a  like 
ipianlity  of  lard,  to  render  it  Hrmer. 

AtJrps  Lanas  Ilifdroitus,  Hydrous  Wool-fat,  Lanolin,  The  official 
article  is  a  mixture  of  70  per  cent,  of  purified  wool-fat  and  30  |»er 
cent,  of  water.  The  wool  of  sheep  contains  a  natural  gi^ease,  which 
is  readily  removed  in  the  process  of  washing  the  wool,  and  is  of  com- 
plex composition,  iHintainiiig  about  30  jkt  cent,  of  free  fatty  acids» 
t>esi(les  numcrouB  fatly  couipouuds  ;  the  so-called  ehoh^terin  fats  are 
the  constituents  sought  for  tlie  prt:»duction  of  lanolin.  The  crude  fat 
is  first  treated  with  weak  alkaline  solutions,  whereby  a  creamy  mix- 
ture is  obtained,  which  is  placed  in  centrifugal  machines  and  sepa- 
rated into  two  layers  ;  of  tiiese  the  upper  layer  is  treated  with  calcium 
chloride,  which  precipitates  impure  lauolin,  to  be  purified  by  rejieated 
melting  and  wasliing.  Final  extraction  with  acetone  yields  pure 
anhydrous  lanolin  of  yellowish  brown  color  and  characteristic  odor, 
which,  when  mixed  with  30  per  cent,  of  water,  constitutes  the  ofKcial 
hydrous  wool-fat.  The  chief  advantage  of  lanolin  over  other  fats 
lies  in  its  mis4.nbility  with  large  amounts  of  water  (twice  its  weight) 
without  losing  its  ointment-like  character*  The  Pharraacx^poeia  de- 
man<ls  for  the  official  article  the  entire  absence  of  alkalies,  glycerin, 
and  free  fatty  acids.  Hydrous  wool-fiit  has  al>out  the  same  fusing- 
point  as  lard,  and  forms  turbid  solutions  with  ether  and  chloroform  • 
it  is  saponifi*^  with  difficulty. 

Cvra  Aiba;  Cera  Flam,  Whiie  Wax;  Yeltow  Wax,  Beeswax, 
Tlie  only  wax  re<x>gnize*l  by  the  Pljarmaco|Koia  is  tliat  secrete* I  by 
the  Im^s  and  used  by  them  in  the  constru<lion  of  the  honeycomb. 
To  t>btain  the  wax,  the  honey  isdmined  from  the  comb,  which  is  then 
expressed,  melt*xl  in  water,  and  af^er  the  impurities  have  subsided, 
run  into  mould.^  and  ct»oled.  This  constitutes  yellow  wax,  from 
which  white  wax  is  made  by  a  prrjcess  of  sun-bleaching,  as  follows  ; 
Melted  wax  is  again  solidifies!  in  the  form  of  thin  ribbons  or  bands, 
by  allowing  it  to  flow  over  wet  I'cvolving  cylinder?^ ;  these  bands  an- 
moistened  with  water,  and  exposetl  to  sunlight  in  the  o})en  air*  Afiev 
exposure  for  some  time  the  color  disappears  in  spots  and  the  wax  i^ 
again  roehcil,  re-S4>lidified  and  treate<i  as  Ijcfore,  the  process  Ijeing 
repeated  from  time  to  time  until  the  wax  is  ctunplctcly  bleached,  when 
it  IB  finally  melted  and  run   into  moulds;  U^sidts  losing  its  Ltjior, 
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wax  tl»iis  treiUfd  is  somewhat  clmn^cil  by  long  exposure  to  ligM  at 
air,  and  is  mo!*e  disposeil  tn  ninddity  tluin  yellow  wax,  as  is  notioe- 
able  in  the  miKlifie<l  odor.  Pure  vellow  wax  melts  at  6<i°-B4**  C. 
(145^-147.2^  K;),  white  wax  at  65^  C,  (U^*^  F/);  they  differ  Irom  ' 
true  fats  in  not  o^mtaiuing  glyceriUf  and  in  not  form iog  soap  wheo 
boiknl  with  suhition  of  alkali  <iirbonates.  Wax  is  eimipletely  dis- 
solved by  ether  and  ehloroforni,  hut  not  l)v  Ixiiling  alcohol  and  ei^ld 
l>euzene  or  <'arbon  disulphide.  Besides  the  enide  adulteration^ 
readily  observinl  in  melted  wax,  tallow  and  other  fats,  as  well  as  vege- 
table wax,  resin,  and  paraffin,  are  frequently  mixed  with  it ;  they  can 
l>e  quiekly  deteeted  by  tlie  phartnaeopfeial  tests*  Fats  and  r€«in  raay 
be  taken  u|)  by  «  boiling  solution  of  sfMlium  hydroxide  or  by  petro- 
leum iK'iizin,  neitlier  of  vvhieli  dissulve^  tlie  wax  ;  paraffin  i?t  rtwHly 
tleti»<"le<!  l>y  heiitin^i;  tiie  susfiecte^l  wax  witfi  coneentmted  ^sidphtiric 
acid,  which  destroys  the  wax  but  leaves  the  paratTin  unatfeirti'd.  If 
pure  wax  be  meltoil  and  allowetl  to  eool  sh)wly,  it  will  always  con- 
geal with  a  level  surface,  but  if  paraffin  in  any  form  l^e  present,  ihi* 
mirfaee  will  \m*  more  or  leas  ixmeave,  according  to  the  extent  of  adid- 
teration. 

Ceiaceum.  SperviaccH.  8|wrmaceti  is  oi)taincd  by  expix**i8i4in 
from  the  fatty  secretion  found  in  the  cranial  eavity  of  the  sprm 
whale.  Before  the  animal  is  killed,  the  fat  is  liquici,  but  afterward 
oongeala  to  a  yellow  mass;  by  expression  a  yellow  oil  is  removed, 
the  residue  is  melted,  washed  with  weak  potass  solution  and  water, 
and  finally  alhtwed  tot*imgeah  Spernia^x^ti  is  a|>t  to  lx*tH>me  yellowish 
and  rancid  by  a^»  and  whcu  exposeil  to  air  ;  it  melts  at  about  50'^  C\ 
(122*^  F.),  and  \s  soluble  in  lM»iling  alcohol,  ether,  chloroform,  carbon- 
disulphide,  and  tixed  and  volatile  oils*  It  can  be  fmwtlertHl  by  tritu- 
ration in  a  mortar  afVer  sprinkling  with  alcohol  Fused  with  potatssa, 
«ptTmnoeti  is  8apnnifie<i,  but  imt  if  boih-d  with  a  solution  of  alkali 
carbonate,  which  fact  serves  to  dctx^'t  the  pr^^j^ence  of  stearic  add  tm 
an  aduhenition. 

Olntm  Afiipijn;  Ltwd  Oil,  The  fixed  oil  expressed  from  lard  at  a 
low  temjM'niture,  It  congeals  near  0'^  C.  (:i2^  F.),  but  already  at 
10^  C (50^  F)  begins  to  cfeposit  granular  fat, benee,  to  remain  fluid, 
it  ahould  b*  kept  at  or  alxive  15.5°  C.  (HO"  F.)  The  mo'.t  likrly 
adultenttions  are  etittonHced  oil  and  paraffin  oils  ;  the  IbrmfT  can  he 
delei'tetl  l>y  iK^ting  the  oil  with  an  acidulated  alcoholic  Kc»lution  of 
ailveT  nitjniti^  when  the  mixture  Bhonld  remain  colorlea^.  Lard  oil 
nliould  Ik?  jierteitly  saponified  by  heating  with  ]K)ta5^,  water,  and 
alc^oliot ;  the  separation  of  an  oily  layer  would  indicate  paraffin  oiK 
The  yield  of  lard  oil  is  equal  to  about  60  per  cH*nt,  of  tne  weight  of 
the  lard  expressed. 

(Meum   J  '^    EritrrjwHm,     Expvfjmttl  Oil  of  AhnnnH^     Tbi* 

oil,  also  ciii..  .  ally  known  as  oil  of  8we<*t  almonti,  h  obtained  by 
exprefifiion  from  the  bitter  a>*  w4I  an  the  sweet  almond,  the  yield  frooi 
(he  latter  source  l>cing  uUiut  20  per  oent,  greater  than  from  the 
former*     The  yellowish  i5fjlor  of  the  commenial  iiil  is  due  cnfinek 


CL^LssiFicATroy  OF XATLRAL  moDrrTK 


VM 


to  tne  colored  enisperm,  for  if  btaurlied  ahuoiidy  be  expmsst«<l,  n 
a>Iorless  oil  will  be  obtaineil.  Expressed  oil  of  ahnoud  is  soIul»le  t*t 
some  extent  in  rold  alcohol ;  it  remaiQS  perfoctlv  dear  at  — ^10^  C. 
a4^  R),  and  does  not  conj^^l  until  cooled  to  —20^  C\  (—4°  F.). 
The  oil  is  largely  adultenited  with  the  oils  of  peach  and  apricot 
kernels,  which  can  l»e  detected!  by  shaking  tt»gether  1  volume  each 
of  fuming  nitric  acid  and  whaler  and  2  v'oluniea  of  the  susj>ected  oil  ; 
a  whitish  mixture,  frt*e  from  orange  or  i^dish  color,  results  if  the 
oil  is  pure.  The  development  of  a  brownish  i^olor,  with  the  same 
test,  would  indicate  the  presence  of  cottonseed,  groundnut,  sesamum, 
or  poppy  seed  oils. 

Oleum  Go8»\fini  Saainis.  Cottonseed  OiL  The  official  c^ottonseed 
oil  is  a  refined  bleached  oil,  for  the  crude  prtnluct,  obtained  by 
hydraulic  pressure  from  the  seed,  has  a  brow^u  color  and  linseed -like 
odor,  aud  contains  considerable  f|uantities  of  albuminous  matter. 
After  subsiding,  the  crude  oil  is  treated  with  superheated  steam,  and 
finally  well  shaken  with  heated  weak  alkali  solution.  The  yield  of 
oil  from  cottonseed  varies  from  12.5  to  20  per  cent, ;  the  residue,  or 
oil-(*ake,  is  considered  a  valuable  tattle  food  and  fertilizer.  Cotton- 
seed oil  congeals  wljon  ccxiled  to  0°  or  — o''  C.  (32°  or  —23^  F.),  and 
is  instantly  colored  dark  reddish-brown  in  contact  witli  concentrated 
sulpburio  acid  ;  it  belongs  to  the  drying  oils,  but  shaken  with  nitric 
acid  and  water  it  gradually  forms  a  colored  semi-solid  mass.  The 
chief  use  of  cottonseed  oil  is  as  a  substitute  for  more  exj>ensive  fixed 
oiU,  as  in  the  case  of  some  of  the  official  liniments,  and  there  is  no 
dmibt  that  it  is  extensively  employed  as  an  adulteration  for  almond, 
olive,  and  other  oils.  When  heated  with  an  acidulated  alcoholic 
solution  of  silver  nitrate  the  oil  assumes  a  reddish-brown  color,  which 
serves  as  a  test  for  its  detection. 

Otvam  Lini,  Lhisced  Oil.  The  Pharmacopceia  demands  an  oil 
exprt'sse*!  without  heat,  which,  as  a  rule,  is  not  readily  obtaiuable, 
sinci^  hot  pressure  increases  the  yield  nearly  5t3  j>er  cent.  Extraction 
witli  jietroleum  beuzinor  carbon  disul])hide  shows  still  l>etter  results  : 
thus,  cold  pressure,  1 6  to  20  per  c^nt. ;  hot  pressure,  22  to  28  per  cent. ; 
extraction,  33  per  cent.  Cold-pressed  linseed  oil  is  lighter  in  *x)lor  than 
tJie  other  varietiej^ ;  when  boiled  it  darkens  in  color  and  thickens,  losing 
.About  0  to  8  |)er  cent,  in  weight.  The  oil  is  quite  soluble  in  absolute 
llcobob  and  forms  a  clear  mixture  with  an  equal  volume  of  official 
alci>bol,  but  l>et*omc^  turbid  if  the  proj)ortion  of  alcohol  is  doubled ; 
it  does  not  congwd  above  — 20°  C  ( — 4°  F,)*  Linseed  oil  is  always 
slightly  acid  and  is  n^dily  saponifie<l  by  alkalies ;  it  is  the  beat  dry- 
ing oil  known  and  should  not  be  even  {martially  solidifiecl  if  shaken 
with  nitric  acid  and  water  for  a  long  time,  bv  which  means  the  pres- 
ence of  non-drying  oil  may  be  detected.    As  linseed  oil  may  be  adtil- 

Bitcd  with  paraffin  oils,  the  Pharmacojxeia  recommends  shaking  an 
lucous  solution  of  linscetl  oil  soap  with  an  equal  volume  of  ether, 
idch  latter,  after  decantalion,  shot i Id  not  show  a  bluish  tluoreseen«x! 
nor  leave  uu  oily  residue  upon  evaporation, 
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Oknm  Movrlmfr,  Oleum  Jeeorin  AaellL  (Jod-Uver  OIL  MeUi 
<ntml  iod-liver  oil  should  always  l>e  pi\»cuix?d  frura  fresh  ltvt»r», 
by  the  aid  uf  a  gradually  incrcaacd  steam  heat  not  exceeding  %i\^  C. 
(140^  F.);  the  oil  is  allowed  to  separate  from  the  watery  fluid, 
and  after  it  has  been  frozeu  is  expressed  in  canvas  bas8|  whereby 
a  pure  only  slightly  eolored  oil  is  obtained^  the  hard  yellow  residue^ 
consisting  of  stairiu  and  tissue,  being  rejeeted  for  other  purpoeesw 
Cod-liver  oil  thus  carefully  prepared  keeps  well  io  completely  filled 
\eeselN,  and  when  oooled  to  0°  C.  (32°  F.)  should  de^nisit  no  solid 
fats;  Jl  belongs  to  the  drying  oils,  and  if  exposed  to  the  air  aocm 
thickens  and  assumes  a  disagreciihle  ^strong  4jdor  and  taste.  The 
color  reactions  with  sulphuric  acid  mentionf^l  in  the  Pliarmaeu|)neiii 
are  due  to  the  presence  of  certain  biliary  const  it uenLs  and  arr  very 
pronounced,  Cod-Uver  oil  hai^  a  sli^lit  acid  risictit>n  wliidi  incrtiises 
with  age.  The  more  [*rubal>le  adultemtion  consists  of  seal  oil  and 
other  fish  oilSj  which  can  be  detectetl  by  testing  with  fuming  nitric 
add  I  cod-liver  oil  turns  red,  then  bright  nise-red,  and  finally  lemon* 
vellow  ;  seal  oil  shows  at  lirst  no  change  of  color,  and  other  fish  oila 
Ijceome  blue  at  first  and  afterward  brown  and  yellow. 

OUum  Olivix.  Olive  Oil  The  finest  (puility  of  olive  oil  is  thai 
obtained  by  cold  expression  from  the  flesh  only  of  the  ri|je  fruit,  and  ia 
known  eommen-ially  as  "virgin  oil;**  a  secxnid  quality  is  exprm^eed 
from  the  residue,  after  tlie  same  has  been  mixed  with  water.  Good 
olive  oil  is  of  a  pale  yellow  or  light  greenish*vellow  tsolor,  while  the 
inferior  grades,  often  expretisetl  from  lermented  oliv^ei^,  anM>f  a  dett|KT 
green.  It  beeorae.s  cloudy  at  10"^  C  (50^  F,),  and  i"ong»^ls  at  0*^  C. 
(:J2^  F.),  to  a  w^hitisl*  gi*anular  mass.  Olive  oil  is,  uo  doulit,  largely 
adulterated  with  cottonseeil  oil,  groundnut  oil,  jKjppyseed  oil,  and 
s<«samum  oil :  when  heated  with  an  acidulated  alccJiolic  M)lutioi:i  of 
silver  nitrate,  the  oil,  if  pure,  should  retain  its  original  pale-yellow 
cf»lor  witlujut  becoming  reddish  or  brown.  Sesame  oil  is  l^est  de- 
tH'ied  by  a  special  test  given  in  the  Pharmacojw^ia,  ami  which  is 
characteristic  lor  that  oil.  A  solution  of  siMip  made  from  the  suspected 
oil  and  potai^aa  is  dt»com]K)sed  with  sulphuric  acid,  and  the  libcratiHl 
fatty  acid,  freed  from  water,  is  shaken  with  hydroc»hloric  acid  ;  if  the 
mixture  turns  gn^en*  sesame  oil  is  present,  an<l  on  the  subsequent 
addition  of  sugjir,  the  mixture,  after  sfiaking,  assun>e^  n  violet  or 
crimson  tint.     This  is  known  as  Rnudnuin'ji  test. 

Of  mm  liichii.  Castor  Oil.  This  well-known  oil  is  pro«lu4xxl  in 
very  large  quantitii^  in  this  country  in  the  city  of  Sk  l^ui^;  in 
order  to  incnin^e  the  yield  of  the  oil,  the  s<h<1  is  fiHiuentlv  heated  t<i 
about  60°  C  (110°'F.)i  before  expre^ion,  and  the  oil  afterward 
haateil  with  water  to  rt'tnove  id  hu  mi  nous  matter.  The  yieJd  of  oil 
bv  cold  expn*ssif>u  is  alMJitt  1^5  to  HO  |m  r  cent.,  and  by  lutt  exfireiision, 
38  Ui  15  |KT  crnt.  (liHtor  oil  when  etfoletl  to  (KC.  \^1^  F.),  be- 
cfimi»  turbid,  but  iloes  ni»t  congtul  until  the  temperature  has  been 
reducx'd  to — 18"^'  C.  ( — 0.4^  F.);  it  is  soluble  in  all  pro^K>rtion«  in 
nljiHilnte  alcohol  or  in  glacial  acetic  acid,  and  in  three  times  i1a  vdume 
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of  a  niixtiii-e  of  11>  volunies  of  alrohol  and  1  volume  of  water,  whidi 
tlistioguishes  nistor  oil  from  other  fixed  oils.  Castor  oil  is  rarely 
adulterated  and  is  readily  t^apouitied  by  alkalies. 

Oleum  Semmi,  Sesame  OH.  Benne  OiV.  Teel  Oil,  Sesame  oil  is 
obtained  both  by  eolil  an*!  hot  expression  to  the  extent  of  about  60 
per  cent,  of  tlie  weight  of  the  seed.  It  congeals  at  — 5°  C,  (23^  F*). 
to  a  yellowish- white  mass,  and  is  converted  into  a  brownish -rid 
jelly  when  mixed  with  eoncentrated  sulphuric  acid.  When  shaken 
with  an  ecjual  volume  of  concentrated  livdrcK  hloric  acid,  it  assumes 
an  emerald-green  color,  which,  upon  addition  of  sugar  and  further 
shaking,  changes  to  blue,  violet,  and  finally,  deep  crimson.  Sesame 
oil  is  sometimes  foun<l  as  an  admixture  in  olive  oil  and  expressed  oil 
of  almond. 

Oleum  Theobromaih.  Oil  of  Thcobroma.  Butter  of  Cocoa,  Oil  oi* 
thet>l>ronia  is  i\\e  only  fixed  oil  recognized  by  the  Pharmacopojia 
which  ts  j-olid  at  onliuary  tem}>erature;  it  is  brittle  at  l^'^  C.  (59^  F.), 
and  melts  at  from  :](»°  to  33"*a  (Hli^  to  91.4^  F.).  The  oil  is  ob- 
tained to  the  extent  t>f  about  40  per  cent,,  by  htatiug  the  shelled  seeds 
to  70-  il  (158^  F.),  and  expi-essing  between  hot  iron  plates.  Adul- 
terations with  stearin,  tallow,  wax,  and  paraffin^  can  be  quickly  de- 
tected on  ai^count  of  the  low  fusing-point  and  high  tx)ngealing-jx>int 
of  the  pure  (»iL     The  Fharmaeopceia  requires  that  1  Gm.  of  oil  of 

rthcHDbroma  dissolved  in  3  Cc.  of  ether  at  IT''  C  (63°  F.),  ami 
plunged  into  water  at  0.*^  C.  (32°  F.),  shall  neither  become  turbid 
Dor  deposit  a  granular  mass  m  Icj^  thtm  iht'ce  mimite^ ;  if  the  mixture, 
after  congealing,  lie  warmed  to  Ib'^  C  (59"  F.),  it  should  gradtially 
form  a  perfectly  clear  lirniid. 

Oleum  Ttglii*  Croton  Oil.  Croton  oil  is  obtaine<l  by  ex}>rej:sion, 
ant]  does  not  congeal  until  cooleil  to  —16'^  C.  (3,2^  F.),     Its  solo- 

jbility  in  alcohol  increases  witli  age,  and  it  has  Ik^u  shown  by  Senier, 
of  England,  that  the  portion  insoluble  in  alcohol  contains  the  purga* 
li%^e  princi[>le,  while  the  vesicating  principle  is  soluble  in  alcohol. 
Croton  oil  is  a  non-drying  oil,  hut  dilfcrs  from  other  non*drying  oils, 
in  remaining  licpiid  if  vigorously  shaken  with  fuming  nitric  acid  and 
water  un«I  allowed  to  stand  for  one  or  two  days  ;  this  behavior  8erv<9 
to  dete<.'t  udultenitions. 

Glycerin. 

The  sonn'csof  all  glycx*rin  used  in  pharmacy  or  sold  commen*inlly^ 
>iis  (hts,  Im»(1i  of  vegetable  and  animal  origin,  glyix-'rio  betriL^ 
i  able  constituent  uf  all  otlicial  fats  except  sperumwli  and  br*  >~ 
Iwax,  fnim  which  it  is  likrated  whenever  such  fat.H  are  convertcil  into 
rfioap  by  the  aeticm  of  moist  metallic  oxides.  It  has  proven  a  must  valu- 
able solvent  and  antiseptic  in  pharmacy,  second  only  to  alcohol  in  this 
resjiect,    Nmrly  all  glycerin  now  prtxluf^l  in  this  country  is  made  by 
Jecomjyosiog  fats  in  large  copj)er  digesters ;  fat  and  water  having  been 
Ltnto  tlie  tligcster,  steam  under  120  to  150  pounds  pressure  is  in- 
^c&i  for  several  hours^  whei^by  the  mixture  is  kept  in  constant 
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agitation  and  the  fat  is  completely  decomposed,  the  glycerin  entering 
inti>  .<i>lutioD  in  the  water,  and  the  non-volatiie  fatty  acids  floating 
i>n  the  surface  of  the  aqiier>us  solution.  The  volatile  fatty  acida  are 
allowed  to  f-scnpe  with  steam  through  a  small  oritice  in  the  top  of  the 
iligt^ter.  The  dilute  solution  of  glycerin  is  transferred  to  evapor- 
ating tanks  and  ivuitrntrattd  until  it  reaches  a  density  of  28°  BaunK% 
etjual  to  a  specific  gravity  of  1.24  at  15^  C  (59~  F.).  The  crude 
ilark  aml)er-4>iilor€d  glyi-erin  thus  obtained  is  introduced  into  specially 
(tuistructeil  stills,  into  which  su|)erlieated  steam  enters  at  a  temper- 
atun*  of  about  250'  C.  {4s2~  F.),  carrying  the  glycerin,  in  the  Ibmi 
of  va|K)r,  with  steam,  over  into  a  scries  of  condensers  so  arrangeii 
that  the  glycerin  i-oudenses  in  |ia^sing  through,  at  various  degrees  of 
density:  the  tii-st  condenser,  being  least  cooltd.  contains  the  heavie^t 
glycvrin,  the  distillate  be<-oming  gradually  weaker,  until,  in  the  last 
cvndenser,  almost  pure  water  is  colle<-ted.  Coloring  matter  is  removed 
by  treatment  with  animal  or  vegetal^Ie  charc\ial.  and  the  distillation 
is  fret]ucntly  rejK-ated  two  or  three  times  until  the  required  degree  of 
purity  has  l)een  obtaine«1.  The  Pharmaco|xeia  demands  at  least  95 
|HT  cent,  of  absolute  glycerin,  which  liquid  has  the  specific  gravity 
1.25  at  15®  C.  (59^  F.  i.  and  is  soluble  in  water  and  alcohol  in  all 
projKirtions,  as  also  in  a  mixture  of  three  jKirts  of  alcohol  and  one 

INirt  of  ether,  but  is  insoluble  in  ether,  ehloroform,  benzene,  petro- 
eum  l^nzin.  fixtd  and  volatile  oils.  The  most  important  tests  of 
thost*  mentioned  in  the  Pharniacoi>«eia  are :  the  absence  of  turbidity 
ami  a>lor,  when  glycerin,  after  dilution  with  water,  is  heated  and 
uiixetl  with  ^ilver  nitrate  solution,  ami  then  ex|x>seil  to  diffused  day- 
light tor  tive  minutes  :  the  absem-e  of  an  otfensive  or  acidulous  odor 
when  glycerin  is  heatetl  with  diluto^l  sulphuric  acid  ;  the  absence  of 
dark  eult»r  when  a  mixture  of  e«jual  volumes  of  glyiwu  and  coDoen- 
trateil  sulphuri«aeid  \<  yaiffj/  iritrmyd  :  and  the  i\)mplete  volatility  «>f 
glyirrin  n|xiu  ignitii»n. 

.Vlthougli  oilieial  glyeerin  iwils  at  aUmx  lt.15^  C.  i329^  F.),  it  is 
ixnidily  va|x»riz'.il  from  au  aqne  >n'i  <i»luiiou  at  !«>*>=  C.  1^212°  F.). 

Volatile  Oils. 

Volatile  tiiN  an*  thon*  peculiar  principles  to  whieh,  in  a  majority  of 
casis,  tlir  t«li»r  of  plants  i«-  due:  thrv  do  not  all  preexist  in  the 
plant.  Si  •me  l>eing  tli«-  nsult  ot"  fermentative  actit»n  lx?tween  certain 
iHinstitumts  t»f  tlie  plant  in  the  prcsin^v  of  water,  and  others  being 
prtnlu^nd  by  destruftivtr*  distillati(»n.  V«»latil«*  oils  may  exist  in 
every  juirt  of  the  plant  from  thf  nuit  to  the  s<*m1.  and  when  several 
oils  are  pn-M-nt  in  ditlennt  |Kins  ot'  ilu*  *ame  plant,  they  will  gener- 
ally U-  lound  to  dit!'«r  in  pli\-u-al  as  well  a>  ilieujical  properties;  as. 
tor  instamv,  the  inls  nf  «»ranL:e  obtaiiutl-  tVom  the  leaf,  Hower,  and 
rind,  TIh'v  u-iially  .Niur  in  >»parate  i\\U.  'd<  glamls  in  the  herba- 
iV\»ns  |M»rti«*n  and  rimis  of  many  t'ruits.  or  distributcil  throughout 
the  interior  ti**su«'.  or  forming  di>tinet  oil  tuUs.  as  in  the  fruit  of 
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tpnnel,  anisf,  etc*  The  odor  of  volatile  oils,  while  in  some  ini^taners 
clue  to  their  particular  composition,  in  otiiers  appears  to  be  due  to 
atmOispheric  influences,  since  oil  of  turpentine  and  others  when  recti- 
tieil  in  an  atmosphere  of  carbon  dioxide  have  licen  found  devoid  of 
all  unpleasant  oaoi%and  yet,  when  again  exposed  to  tfieair,  they  s<x)n 
resumed  their  characteristic  odor.  With  few  exceptions,  volatile 
oils  arc  lighter  than  water,  and  their  solubility  in  water  is  very 
variable;  tlieir  specific  ^raviiicsat  l^"^  C.  (59*^  F.),  range  from  0.8«i(j 
to  1,185.  Abs<:>lntely  pure  volatile  oils  are  colorless,  but  the  coiu- 
mercial  varieties  are  fref[uently  colored  yellow,  green,  blue,  red,  and 
hroWTi  ;  thect^lor  in  most  in-tcuicc^  disappears  when  the  oil  is  brou»^ht 
into  solution.  Many  vtjlatile  oils  are  completely  soluble  in  glac^ial 
aevtie  aciil,  and  all  arc  soluble  iu  alcohol,  l>ut  iu  prof)ortintis  vary- 
ing from  less  than  an  ci^ual  vnluiue  to  ten  ur  mure.  They  have  but, 
few  pmijerties  in  common  with  Hxed  oils,  but  like  these  are  solu- 
ble in  etiier,  ehloit»form,  and  carbon  disulphtde.  Fresh ly-pi*epared 
volatile  oils  art^  generally  fi^eely  soluble  in  jH^troleum  Ijenzin,  but, 
after  ex^Kisure,  they  gmdually  lose  this  prt>perty  anfl  often  form 
tnrbid  mixtures  when  shaken  with  the  same.  When  dropjM?*!  upon 
tilterinfj:  piijKT  they  cause  a  stain  somewhat  rc^sembling  that  of  Hxed 
oils,  but  which  is  dissipated  n[>on  the  application  of  hitit ;  the  stain 
produi-eil  by  old  or  partly  resiuified  volatile  oils,  frequently  cannot 
be  driven  away  by  heat,  but  can  l)e  readily  distinguished  from  the 
stain  of  fixed  oils,  by  its  shining  varnish  like  apj>earance  and  by  its 
complete  removal  with  the  aid  of  warm  alcohol,  the  stain  from  fixed 
oils  l>c)ng  devoid  of  lustre  ami  insoluble  iu  alcohok  Volatile  oils 
are  inflammable,  and  burn  with  a  bright  but  sooty  flame;  exposed 
to  air  and  light  they  are  more  or  less  rapidly  oxidizeil,  being  gradu- 
ally  et:>Dverted  into  a  viscid  oil  and  finally  even  into  a  solid  resin. 
They  never  lxK*omc  rancid  in  ihe  sen^e  mentioutHl  under  fixed  oils, 
and  do  not  contain  glycerin.  Owing  to  the  changes  wliich  volatile 
oils  undergo  through  exposure  to  light  niid  air,  they  shouUI  Im?  pre- 
Berved  in  well-stopjHMxd  Ixitilcs,  in  a  dark  i>la<^ ;  amber  or  yellow- 
colored  glass  is  lx»8t  adapted  for  oil  ctiutainers,  aa  it  intercepts*  the 
actinic  rays  of  light.  The  a<}dition  of  deodorized  alcohol  or  Cologne 
spirit  will  al«n  prcser%T  the  fine  aroma  of  such  oils  as  lemon  and 
orange^  not  more  than  5  per  cent,  by  volume  being  necessary,  Kes- 
inifie«l  oils  may  be  restored  by  realist  illation  \vith  water  or  weak 
alkali,  or,  if  in  small  quantities,  by  Cuvicr's  method,  which  consists 
iu  slinking  the  oil  for  fifteen  or  twenty  minutes  with  a  magma 
formed  of  animal  chan^ud  an«l  a  solution  of  Inirax,  wliert»by  the 
n^tnifii-il  |i<irtion  is  nnitinl  to  the  li<irax  arnl  the  oil  l>e»ximes  limpid. 
The  whitening  of  corks  in  lH»ttlcs  containing  volatile  oils*  is  due  to 
the  presence  i>f  <»/.one  producc<l  by  the  gi-aduul  oxidation  of  the  oil. 

The  adulterations  to  which  vohitile  oils  art*  subjecteil  are  fixed 

oil»,  alcohol,  and  highly  rcctifinl   (Hftmleimi ;  frequently,  also,   the 

Itiffber-prieed  oils  are  mixed  with  cheaper  and  inferior  oils.     Fixed 

l<|jid  are  easily  detected  l>y  a  jiermam*nt  giviisy  stain  upon  paj»er,  and 
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liy  a  non- volatile  i^eskliie  when  thesiispoetcd  oil  is;  subjorttHl  to  tl 
latiun.  Alcohol  may  Xm  testtfl  for  in  several  ways.  If  the  oil  In* 
shaken  in  a  graduateil  IuIm?  with  an  etjiial  volume*  of  water  or 
glycerin,  and  then  allowed  lo  stand  at  rest,  any  diminutic»n  in  the 
volume  of  the  oil  w^oukl  indicate  alcohol,  and  approximately  also  the 
proportion  pre^ient;  if  considerable  alcohol  be  j>re.sent,  the  character- 
istic  lamlK^ut  blue  flame  of  burning  alroliol  will  Im*  observed  if  a 
portion  of  the  sus|>e<:'ted  oil  is  iguited  in  a  dark  room  ;  fused  calcium 
chloride  and  dry  [wta^sinm  acrtate  are  insoUible  iti  volatile  oil«,  but 
in  the  presence  of  ak'ohol  become  soft  and  even  liquid,  dcpCDdine 
upon  the  proportion  of  alcohol ;  potassium  acetate  and  sulphuric  acid 
addefl  to  volatile  oils  will  generate  acetic  etljer  if  alr*oliol  l>e  pRseut, 
which  may  l>e detected  by  its  odor;  aiKl  aniline-red  is  insoluble  in  pure 
volatile  oils,  but  colors  these  reA  in  tlit*  presence  of  alcohol.  Adul- 
terations with  rectified  petroleum  are  often  not  easily  detected,  and 
may  re*[nire  a  careful  chemical  examination;  for  it,  as  well  as  for 
the  inferior  volatile  oilsj  the  Pharmacopfeia  presenl>es  apfiropriate 
tests  under  the  head  of  the  rt'SjKfctive  oils  likely  to  lie  thus  c<mtamt- 
nated.  The  diflerent  optical  behavior  of  volatile  oils  is  also  often  of 
great  value  in  the  search  for  adulterations. 

The  usual  methml  of  obtaining  volatile  oiU  is  by  distillation^  and 
in  some  instances  the  plan  is  still  followed  of  placing  the  oil-yielding 
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material  in  an  iron  or  cx>(>per  still  provided  with  a  |x*rfonite*i  dia- 
phragm or  false  bottora,ao<l  addiu<;  sufficient  water  to  barely  eover 
the  material,  after  whioli  direct  lieat  is  applied  until  the  water  Ijoils, 
and  then  continued  as  lung  as  the  distillate  shows  the  preaenoe  of 
any  volatile  oil.  Although  the  boiling-points  of  volatile  oils  are 
considerably  above  that  of  water,  the  oils  pass  over  rapidly  with  the 
Vfi|x>r  of  boiling  water,  and  in  the  leading  establiahments  in  this 
country  and  Europe,  volatile  oils  are  now  distilled  by  passing  steam 
under  pressure  into  stills  which  contain  the  material  on  a  series  of 
l^rforated  trays  extending  across  the  inner  body  of  the  still ;  by 
this  methotl  compaction  is  avoided,  the  steam  can  readily  i>enetrate 
every  particle  of  the  material,  and  a  much  finer  tjuality  of  oil  rt:sult.s, 
since  prolonged  contact  with  boiling  water  has  a  deleterious  etiect 
upon  many  oils.  Fig.  196  represents  the  distillation  of  volatile 
oils  by  steam,  as  carried  on  at  the  factory  of  Fritzsclie  Bros,,  iit 
(tartleldj  X,  J,;  the  large  still  in  tlie  rear  has  a  capacity  of  1000 
pounds  of  cloves.  Whenever  the  volatile  oil  is  deeply  imbedded  in 
the  material,  as  in  the  case  of  chives,  culxjbs,  and  many  barks  and 
shnIs,  it  is  neceA«5ary  that  this  lie  first  reductnl  to  a  coarse  |Kiwder  §o 
as  to  facilitate  the  lil:>emtion  of  the  oil.  The  distillate,  which  is  a 
mixture  of  oil  and  water,  is  collected  in  suitable  receivers,  either  ill 
the  form  of  Florentine  flasks  with  a  single  outlet  tulx?  near  the  bottom 
and  reaching  nearly  to  the  top,  as  shown  in  Fig.  1*J7,  or  of  tall  cylin- 
ders provided  with  two  tubes,  a  long  one  near  the  bottom  and  a 
short  one  nejir  the  top ;  as  tlie  dis- 
tillate cools  it  separates  into  two 
«listinct  layers,  one  consisting  of 
pure  oil  and  the  other  of  water 
still  holding  some  oil  in  solution  and 
sus[M*n^ion,  which  is  subsequently  re- 

Sined,  either  by  conveying  the  water 
ck  direct  to  the  still  or  by  distilling 
the  water  in  separate  stills,  frequently 
after  addition  of  table  salt  to  fiicilitate 
the  separation  of  the  oiL     As  a  rule, 
the  layer  of  oil  floats  on  to|i,  exce|»t  in 
liose  cases  in  which  the  oil  has  a  sjk*- 
rcific  gravity  alnne  LrM»0^  as  the  oils 
of  cloves,  cii-ssia,  gaultheria,  etc.    The 
Jower  layer  will  flow  off  through  the 
5ng  trdx'  as  soon  as  the  liquid  iu  the 
'flask  or  cylinder  reaches  the  height 
of  the  ciiTvv  in   the  tulx%  and  will 
>ntinue  to  flow  as  long  as  distillation 
[lutinues.      When  the  upper   layer 
lib   the  vessel,  the  latter   must  be 
^clianged,  or  if  it  is  provide<l  with  two  tul»es,  as  shoum  in  Fig.  198, 
the  liquid  will  pass  out  through  the  sUori  tut>e  into  another  recvp- 
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tacle :  thus  the  two  layers  of  liqu:d  are  withdrawn  simaltaneoiisly 
alnutst  as  fast  as  separation  takes  place. 


I*". 


.^v. 


^^te. 


m^s 
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R'-iik-*  distillaii-'D.  other  mtth'^U  arv  eniployetl  for  obtaining 
Volatile  uil?^.  ?nrh  as  txpresMun  hy  hand  or  machine,  and  extraction 
In-  nu-ani^  uf  ^llitable  solvents  :  for  tvrtain  llowers  possessing  delicate 
irairnin.v.  such  a?  the  violet,  heliotroj^,  miiHionette.  tuberose,  etc., 
whivh  do  not  o^-niain  volatile  oils  in  appnei'ialile  quantities,  the  treat- 
nunt  will)  fats  by  maivnition  and  diirestion.  or  the  pneumatic  process, 
is  nsortnl  to  for  obtaining  ilu-  odorous  principles. 

K\|»ivs5iou  is  jKiniiularly  ?iiitt'»l  for  th^ise  oils  contained  in  the 
t}»:.iiTm;il  .aUs  of  tlic  fruit,  a?  in  tht-  natural  order  of  Aurantiaceie, 

and  y:t  1*1-  oils  of  sujierior  quality ; 
•     •  "  tht  •■:!s  K*i  .•^ani^•  and  lemon  are  verv 

~;  r^n-iiivotohrat,  aixl  hantl-pressedoifs 

a ! way > .  \Mn niantl  a  h i cht- r  price,  on  ac- 
vvnr.t  .'f  their dtliiTatean.^nia.  Aspecial 
apjunitus.  kn.'wn  as  TCUflk  a  pii£Hrr{s 
pri^'k::!::  t^j^-n  .  Sie  Fig.  11«9,  i»exten- 
>^^]y  tinp!..ytU  :n  SiUthem  France; 
•:  o-ns'srs  .  :"  a  tin  basin  alxHit  8 
■nv':.i>  ::\  danuti^^r.  stinldeil  with  nu- 
^.hr^.>  1"«'  s!...n,  vonk-  pointed 
i»rav*  iu\\:.»-<.  .ind  pri>vidt\l  with  a 
!iol;.'\\  i.aiKi  t.  Tiif  o|)erator  holds 
t:;i  :vi>ir.  i:^  v>:^  haml  ainl  with  tlie 
^'tiiir.  ^\::!i  r\iaiinj  the  fniil,  he 
.>".it::r»;:i'.;y  i*:\>-<>  it  against  the 
!ut%s'..-;*  n>.  :::.:>  rapturing  the  oil- 
»>'!>  a:vi  .rt/.s.:.^  uu-  oil  to  flow  into 
ti.t  harul.c,  \x  riti^-t  ii  is  transfemed  to 
lu^r  vtTMjt  1>  iu.i  ;i!;  \\t\I  I..  M{vint^  :*r  -.v.  any  :V.::t  iuiiv  with  which 
il  ht*  l^voK  i\«:itai;iinatiNl     Ait.*i:iir  iiv;iivii  v^f  L^ml-preaBing  is 
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practised  in  Italy,  known  as  the  sponge  method;  ilie  rind  of  the  fruit 
is  separatcil  from  the  pulp  and  cut  into  three  or  four  strips,  which  are 
lieJd  over  a  si)onge  ann  expresses]  by  tH»nvex  Hexion,  whereby  the  cells 
are  burst  ana  tlie  oil  is  ejiHHfd.  When  the  sponge  has  become  satu- 
rated with  oil,  it  is  expressed  into  an  earthen  vessel.  The  residual 
rind  is  frei]ueatly  mixed  with  water  and  again  exprf^ssed  in  linen 
i!!«aeks,  to  yield  a  lower  grade  of  oil. 

The  solvents  employed   for   tlie   extraction   of  volatile  oils    are 

Iietroleurn  Ijenztn,  ether,  t^arbon  di^ulplilde,  acetone,  etc,  solution 
mng  eflected,  in  tightly  closed  apparatus,  by  nu^ns  of  maceration 
and  j>ercolation.  After  complete  extraction  of  the  volatile  oil,  the 
solvent  is  recovered  by  distillation  at  temperatui-es  not  affecting  the 
liil,  and  the  residue  must  tlien  be  further  purified  by  recti fi (tit ion. 
The  chief  drawback  to  this  mctho<l  is  the  }K>ssible  extraction  of  other 
substances  besides  volatile  oils,  such  m  resin,  fat,  ete.^  which  are 
sometimes  eliminated  with  grwit  difficulty ;  hence  it  is  not  emploj'ed 
to  any  great  extent. 

The  pnx-ess  of  maceration  is  confintd  to  the  extraction  of  delicate 
«idors  from  flowers,  and  belongs  more  proj^erly  to  the  art  of  per* 
flimery  than  to  pharmacy  ;  although  the  odors  are  quite  marked 
and  persi*tent,  the  volatile  oil  in  many  flowers  is  present  in  such 
small  quantity  only  that  it  cannot  l>e  recovered  by  distillation,  and 
in  s<ime  cases  is  injuretl  by  even  moderate  heat.  Complete  absorp- 
tion of  the  cxluri^us  principle  by  fats,  in  the  cold,  is  practiMAl  on  a 
large  scale  in  France,  where  the  proees^s  is  known  as  aifleurage ; 
bland,  inodorous  fats,  such  as  pur i tied  lard,  tallow,  olive  oil,  benne 
oil^  and  cottonseed  oil,  being  used  far  the  purpose.  In  the  last  three 
etasm  the  flowei*s  are  left  in  contact  with  the  oil,  in  closed  vessels,  for 
dome  time  and  then  strained.  When  solid  fats  are  useil,  they  are 
thinly  spread  on  plates  of  glass,  and  then  covere^l  with  flowers,  which 
are  renewed  from  time  to  time  as  long  as  the  fat  continues  to  absorb 
the  odor.  The  fats,  impregnated  with  the  odor  of  the  flowers,  art* 
finally  scraped  from  the  ghiss,  and  constitute  the  well-known  French 
jiomades  so  extensively  employed  in  the  manufacture  of  fine  jier- 
fttmerj'.  In  order  to  extract  the  ixlor,  the  pomade  is  repeatedly 
shaken  (washed)  with  de<xlori^  alcoliol  and  the  solution  exposed 
to  cold  in  siRHnai  cylinders,  called  crystallixers,  whereby  all  trace  of 
tat  is  removed. 

The  pneumatic  methcxl  consists  in  passing  a  current  of  air  into  a 
sel  tilled  with  fi-esh  flowers,  whereby  the  air  becomes  laden  with 
fume,  and  is  then  passed  into  another  vessel  containing  tat  kept 
In  a  line  state  of  division,  so  that  intimate  contact  between  the  air 
and  fat  is  etfetned,  and  thus  the  culor  1*1  transferred  to  the  fat. 

A'^ery  few  %*olatile  oils  are  of  simple  composition,  and  some  are 
even  known  to  contain  six  or  eight  distinct  bodies.  While  formerly 
many  arbitrary  and  erroneous  notions  were  entcrtainetl  reganling 
tllc  nature  of  vnlatilc  oils,  much  light  has  been  sIkhI  upon  their  true 
dianurter  by   Walhich  and  others,  during  the  past   ten  or  twelve 
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yeai"8,  K^^rding  the  elassifiration  of  volatile  yils,  the  plaiTis^nT 
followed  of  diviiling  tbem  intci  feimj»)e  hydroturlKHis  or  teriirii<^ 
(cH>ntainiiig  no  oxygen),  oxygenated  oils,  nitrogenated  oils,  sulpha** 
rctte<l  oils,  and  erapyreuraatic  oils ;  but  the  division  into  elreopteits 
and  stearoptens  is  no  longer  maintaineiL  The  rhemical  charaeti*r 
and  tHimf^Ki^ition  of  volatile  oils  will  l»e  eonsidererl  further  on,  wlieti 
the  student*. <i  knowledge  of  ehemistry  will  U?tter  fit  liini  for  a  proper 
understanding  of  tlie  subject. 

1,  Carbo-htjdrogtn  Oih,  or  Terpenes,  The  carbo-hydrwen  oils 
are  the  f^implest  volatile  oils  known,  beinj^  e(jm|iodeJ  of  carbon 
and  hydro^n  only,  and  are  derived  mainly  from  the  uiitural  onlers 
Coniferaj,  Leguniinoste,  and  Pipemeeoe.  They  are  divide*!  into 
h€niiter|K»nes,  terpeues,  sesquiterpenes,  dlterpenes,  etc.  Some  of 
these  an>  frecjuently  found  prt^sent  also  in  oxygenated  oils.  The 
ierpenes  proj^r  occur  in  five  isomeric  forms  (having  the  same  tufO- 
tesimal  com|K>sition,  but  different  propertitV).  known  as  pinrne, 
dipetvlene,  limoneney  siflvtMrene  and  phdlandrene  ;  of  these  sometinies 
two  or  three  are  found  as&i>ciatecl  in  the  same  oil.  As  a  dass^  the 
nirlxj-hydrogen  oils  are  the  least  soluble  in  alcohol  and  water,  and 
have  spc*»ific  gravities  ranging  from  0  850  to  0,90t)*  They  reatlily 
become  reaini fied  when  cxiK)sctl  to  the  air^  and  when  left  in  contact 
with  alcohol  and  nitric  aciu  gradually  absorb  water  and  yield  crystai- 
limble  compounds.  They  react  violently  with  iodine,  and  are  con- 
vertiil  into  a  hard  resinous  mass  by  nitric  acid. 

The  i»fticinl  nvernh^^rs  of  this  t*hiss  are  oil  of  ct)pailia,  oil  of  ciibeb, 
oil  of  erigi*ron,  oil  of  juui|RM\  oil  of  siivin,  and  oil  of  turpentine, 

2,  (hryfji*naifd  Odn.  Tlici^*  oils,  as  the  name  indicates,  contain 
oxygen,  and  are  fouijMised  of  variable  mixtures  of  terpenes  and  other 
bodi^,  such  as  aUx»hol8,  aldehyde?*,  ethers,  acids,  ketones,  phenoU* 
etc*,  which  n\n  U^  j^(>arated  by  fractional  distillation.  Ov  1 
otlfi  are  widely  diffujMt-d  in  planti»,  but  the  larger  number  ar  I 
from  the  natural  orderi  Umbt^lliferze,  Labiattty  LauraceiCy  M 
taoeip,  and  Composite.  The  majority  of  oxygenated  oils  are  aoiu,  . 
in  an  onual  volume  of  alcohol  or  glacial  aeeltc  aoidf  and  many  are 
soluble  m  these  two  ticiuids  in  all  pn>portioD0.  They  are  tar  mot^ 
aolnble  in  water  than  tne  simple  tcrpcne!>,  and  bencc  are  largely  ii^ed 
in  the  preparation  of  mcdicatcil  niUcrs,  Decreased  solubility  in 
alixihol.  nr  in  a  mixture  of  alcohol  ami  water,  ia  freqaeutly  made 
tc^                rtnifion  with  carbo  ImJrogvn  nml  other  oils. 

\\  i...^  ,.*.  miyority  of  oxygcnate<l  oils  are  lighter  than  wat«r,  i 
frw  will  ftiofc  when  dr«>p|ied  into  i**ater.  the  bigbeit  aprdfic  gmvit 
for  %*olatile  <i!U  l>t*ing  fiMtnd  in  tht;t  cbu^,  namdy,  1.185  at  19 
r,  f.%'»"*  K  V    S-^T!!-.  fiwiriLT  t**  fivtr  pf'itlfar  H^rmica!  nftrnfiositi 
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genatcd  oils  lies,  as  a  rule,  in  the  oxygenizt»cl  compounds  which  they 
eoDtaio,  and  which  are  present  in  the  diUcrent  oik  in  propcirtions 
varying  from  1  to  90  per  cent.  By  producing  these  syntlieticallVp 
artificial  oils,  identical  witii  the  natural^  have  l>een  made,  of  which 
the  official  methyl  salicylate  or  artificial  oil  of  wintcrgrecn  (identi<«l 
also  with  the  natural  oil  of  sweet  hireh)  is  an  example.  The  Phar- 
macopeia recognizes  a  single  concrete  volatile  oil,  camphor,  wliicli 
can  be  appmpriately  classed  anvmg  the  oxygenated  oils,  sint^  its 
chemical  composition  shows  it  to  lie  a  pure  oxidizt^l  hydrocarbon. 

The  official  oxygenated  oils  are  those  of  anise,  bergamot,  betula, 
cajeput,  caraway,  cloves,  chenopmlium,  cinnamon,  coriander,  euca- 
lyptus, fennel,  gaultheria,  heilcoma,  lavender  flowers,  lemon,  orange 
flowers,  orange  p^el,  peppermint,  spearmint,  myrcia,  nutmegs 
pimento.  rost%  rosemary,  sautal,  sassafras,  and  thyme.  Of  these* 
the  oils  of  bergamot,  orange  peel,  and  orange  flower  consist  almost 
entirely  of  limonene,  one  of  the  isomeric  terpenes,  t*ontaining  less 
than  3  per  cent,  of  undetermined  oxygenated  IkkIics, 

3.  Nilrogenaicd  Oih,  Some  plants  do  not  produce  volatile  oils  in 
nature,  hut  contain  certain  principles  which,  in  the  presence  of  water, 
i*eact  u[ion  each  other,  causing  the  formation  of  new  compounds,  one 
of  which  is  a  volatile  oil ;  such  is  the  case  vfxih.  certain  plants  belong- 
ing to  the  natural  orfler  R^isaccie,  siib-oixler  Aniygdahc.  The  vola- 
tile oil,  when  absolutely  pure,  a^ntains  no  nitrogen,  but  the  name 
Ditrogenated  oils  has  Ijeen  given  to  this  class  because  in  their  forma- 
tion they  are  always  accompanied  by  a  nitrogcnized  substance,  hy- 
drocyanic acid,  which  is  presseut  in  variable  pro|x)rtiou  and  which 
lends  to  the  oils  their  poisonous  character.  The  only  official  nitro- 
genatcfl  oil  is  the  oil  of  bitter  alnnnid,  which  is  prc}^>ared  by  mixing 
freshly  powdertnl  bitter  almonds  with  the  residue  left  after  express- 
ing the  fixed  oil  from  bitter  and  sweet  almonds,  adding  water,  and 
distilling  at  a  mcM^cnttc  heat.  The  8i>ecific  gravity  of  the  oil  ranges 
from  LOGO  t<i  LOTO  at  15^  C.  (59*^  F,),  and  that  of  the  purified  oif  is 
about  1,045.  The  oil  is  sometimes  adulterated  with  nitrobenzene  or 
artificial  oil  made  from  toluene.  Bitter  almonds,  like  peach  and 
cherry  seeds,  contain  both  the  albuminous  ferment  and  the  [Hxndiar 
compound,  amyg*hiliu,  ncce<sjiry  for  (he  reaction,  while  swc«-'t  almonds 
contain  only  the  ferment,  and  henet*  will  yield  no  volatile  oil  unless 
mixc^  with  the  bitter  variety.  The  hydrocyanic  acid  present  in  oil 
of  bitter  almond  sometimes  amounts  to  as  much  as  6  or  7  per  csent.. 
and  may  be  removed  by  shaking  the  oil  w*ith  ferrous  chloride  and 
lime-water  and  then  re<-tifying  by  distillation.  Oil  of  bitter  almond 
is  floluble  in  300  parts  of  water  and  in  all  proportions  of  alcohol, 

4.  Sidphurettefl  Oih,  Like  the  prcceiling  riass,  these  oils  are  the 
resnlt  of  fermentative  action,  in  which  the  living  plant  takes  no  part 
«cept  to  provide  the  necessary  active  principles  for  the  subsequent 
reaction  in  the  presence  of  water.  Sulphur  is  present  in  the  oils, 
combined  with  certain  organic  radicles,  in  the  form  of  sulphide  or 
0ulphoc}*anate.     Nearly  all  the  oils  of  tliis  class  are  obtained  from 
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members  of  the  natural  order  Cmciferw.  The  Pharmacopoeia  recog- 
uizes  but  one  sulphuretted  oil,  namely,  the  volatile  oil  of  mus- 
tard, made  from  black  mustard  seed,  which  has  a  specific  gravitv 
varying  from  1.018  to  1.029  at  15°  C.  (59°  F.)  When  shaken 
with  alcohol  and  ammonia  water  and  slightly  warmed,  the  oil  deposits 
crystals  of  thiosinamine :  3  Gm.  of  oil  should  yield  not  less  than 
3.25  Gm.  nor  more  than  3.5  Gm.  of  such  crj-stals. 

5.  Empyreiimatic  Oils.  Among  the  products  of  destructive  distil- 
lation are  certain  volatile  oils,  which  are  characterized  by  a  peculiar 
tariy  odor,  an  acid  reaction  and  a  somewhat  bitter  taste.  They  are 
lighter  than  water,  sparingly  soluble  in  that  liquid,  but  readily  solu- 
ble in  alcohol.  Oil  of  cade  and  oil  of  tar  are  the  only  empyreumatic 
oils  recognized  in  the  Pharmacopoeia  ;  the  former  is  obtained  by  the 
dr^'  distillation  of  the  wood  of  the  prickly  cedar  ( juniperus  oxy- 
oedrus)  and  the  latter  by  distillation  of  tar. 


PART    II. 
PRACTICAL  PHARMACY. 


The  study  of  practical  pharmacy  iavolves  botJi  galenical  aud 
extemporaneous  pharmacy,  the  former  pertaiaiiig  to  the  various 
preparations  of  dru^.s,  the  latter  to  the  many  operations  of  the  (lis- 
j>eri§iiig  counter.  The  diffei^ent  cladses  of  plant  prtjducta  used  in 
medicine,  as  well  as  the  various  methods  of  solution  and  separation, 
have  been  con&idere<l  in  previous  chapters;  the  numerous  prepara- 
tions of  drugs  will  Im?  treated  after  a  plan  which,  for  a  number  of 
years,  has  proven  satisfactory  to  studeutsj  and  although  not  basc^d  on 
a  strictly  symmetrical  arrangement,  is  probably  in  keeping  with  the 
advanee  macle  by  them  in  other  branches  of  study  up  to  this  point. 

The  official  preparations  may  be  divided  into  those  of  a  strictly 

1}barmaceutical  character  and  those  involving  chemical  action  ;  the 
atter  class  will  be  ccmsidered  under  the  head  of  pharmaceutical 
chemistry,  where  the  preparations  of  each  element  or  compound  will 
be  groupiil  together. 

The  galenical  preparations  of  the  Pharmacopoeia  may  be  classifietl 
as  follows:  1,  Waters;  2,  dilutions  or  Liquors;  3,  Decoctions  and 
Infusions;  4,  Syrupe ;  6,  Mucilages,  Honeys,  and  Glyeeritea;  6, 
Elixirs;  7,  Spirits;  8,  Tinctures;  !>,  Wines  and  Vinegars;  10,  Fluid 
Extracts;  11,  Extracts;  12,  Oleoresins  and  Renins;  13,  Collodions; 
14,  Emulsions;  15,  Mixtures;  IH,  Pills;  17,  Lozenges  and  Confec- 
tions;  18,  Powders  and  Tritumtionw;  19,  Granular  Effervescent 
Salts;  20,  Cerates  and  Ointments;  21,  Liniments  and  Oleates;  22, 
Pla^^ters  and  Suppositories. 

The  operations  of  the  dispensing  counter  are  intimately  associates! 
with  the  various  prejianitions  of  dnigs  officially  recognized,  and, 
instead  of  treating  them  sefmrately  under  a  special  head,  it  is  thought 
most  couvenicnt  to  (consider  them  in  c^>nnectiou  with  some  of  the  sub- 
divisions named  ulxjve,  particularly  as  eight  classes  of  the  official 
galenical  prcparatioua  require  remarks  and  explanations,  which  apply 
eciually  to  the  details  ol  disj>cnsing  pharmacy,  Cer^in  forms  of 
aumintstering  nie^licines,  uot  as  yet  recognized  in  the  Pharmiicopceia, 
but  which,  of  lute  years,  have  come  into  use  extensively,  such  as 
Comprc?wrd  Tablets,  Tablet  Triturates,  Hypodermic  Tablets,  Medi- 
cmttfd  Disks,  etc.,  mav  Im*  hmked  u{)on  as  modititations  of  the  official 
1ms  of  lozenges  ami  sludit*d  in  c*onnection  with  th(*sc\ 


I 


CHAPTER    XIJI 


THE  OFFICIAL  WATERS. 


The  afiSc'ial  waters  include  rammou  and  distilled  water,  as  well  OB 
those  known  as  tnHlieattd  water,**;  the  latter  are  all  sohitious  of  vola- 
tile substances,  ami  were  it  not  for  this  pharinaoof^Keial  elassifittition, 
fuiir  of  them  might  be  eousidei'ed  as  more  appropriately  l>elong^ing  to 
tfie  class  of  hVjuors  or  soluticms  pro]>er,  instead  of  niedieate<l  waters^ 
namely,  <7<yi/a  ammonliEj  aqua  ammankv  Jortior,  aqua  chhri,  and  aqua 
kydrogenU  dioxidi. 

The  U.  S.  Pharmacopfieia  directs  three  different  methods  for  tlje 
preparation  of  medieateii  waters  ;  namely,  by  simple  agitation  of  the 
medieinal  ingredient  with  cold  water,  by  trituration  of  es^sential  oils 
with  precipitated  calcium  phosphate  and  water,  and  by  diintillation. 
In  England  and  Germany  t!ie  second  nittluxl  is  not  practised,  the 
pharmacoixtMas  of  both  countries  ilirecting  all  aromatic  waters  to  be 
made  by  uistiliation*  Another  excellent  method  for  making  aromatic 
waters  iis  that  known  im  the  hot- water  metho*! ;  the  volatile  oil  may 
either  lje  drop|K.Hl  upon  slirtxlded  filter  papiT,  and  this  shaken  with 
hot  water  in  a  strong  bottle  for  some  time,  or  the  oil  may  be  drop|>ed 
into  a  stone  jng  and  rnn  around  the  sides,  after  which  tlie  hot  water 
is  added  and  agitated  until  *'old  ;  in  either  ease  the  finished  solution 
is  passe<l  through  a  pajx-r  filter,  and  will  l)e  found  of  excellent  quality. 

The  most  important  of  the  official  waters  is  undoulitetlly  distilk^l 
uiitcr,  becausi*  it  is  intended  to  \n  absolutely  free  from  impurities, 
inorganic  as  well  as  organic,  and  is  the  only  kind  that  should  l>e  nsinl 
in  making  aromatic  waters.  River  water  and  most  spring  wnters 
<*ontain  in  s^jlution  varying  quantities  of  mineml  (Hjmponnds,  and 
frecpiently  earl>on  diuxide  and  organic  matter,  which  render  the 
water  unfit  for  many  i>harmaeeutieal  purposes;  boiling  and  sulis*^ 
quent  filtration  through  sand  and  charct»al  wnll  improve  the  water, 
but  do  not  i-emove  the  salts  held  in  solution,  which  if  present  in 
appreeiable  quantitv  will  cause  |>reeIt)itation  if  silver  nitrate  or  lead 
Acetate  lie  diss?ulve<l  in  the  water*  The  9o*called  harilneas  of  water 
tnay  l>e  due  to  the  presence  of  calcium  sulphate,  and  is  then  known 
ti^  permanent  hardneiss,  or  it  may  be  due  to  calcium  carbonate  held 
in  solution  by  an  excess  of  carbon  dioxide,  which  is  always  the  ease 
with  spring  water  cx>ming  from  limestone  districts ;  l>oiling  such  water 
f>i(|i«^|M  thf  f'Xf*««sive  nirlxxn  dioxide,  causing  th'^  lirnc-sjilt  to  In?  pre- 
^y  it  i^  rendcnxl  «oft.     The<i"  of  the  Phar- 

,  vt  the  first  10  iH?rcx*nt.  of  the  and  to  ch>  licet 

only  80  ti€r  oeot,  for  iue»  are  (or  the  purpose  of  gifting  rid  of  the 
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aud  volatile  compounds  always  present  iu  water,  and  to  avoid 
I  decoiu  posit  ion-products  from  ammonia  compounds  and  organic 
matter,  with  which  the  last  portions  of  water  in  the  still  are  apt  to  be 
f'ontamiaated. 

Tl»e  condensed  steam  from  boiler  pipes  is  frcijuently  sold  as  dis- 
til Hal  water,  but,  unless  collected  with  care,  will  often  be  found  very 
jnsatisfactory  and  not  up  to  the  re(|uirement.s  of  the  PharraatHJjxeia. 
In  the  manufacture  of  distilled  water  all  contact  with  iron  and  lead 
should  be  avoided,  and  either  glass  or  pure  tin  apparatus  ustd,  espe- 
cially for  the  condensation  of  the  vapors.    The  ot^uisional  appearance 
of  confervEc  (microscopic  plants)  in  rlistilleil  water  is  due  to  the  pres- 
ence itf  minute  spores  Jeriveil  from  the  air,  an<l  may  Ijc  prevented  liy 
jkeepin^  it  in  vessels  so  arranged  that  the  air  can  cuter  only  after 
I  having  jia^^^ed  through  a  layer  of  cotton.     Aromatic  waters  made 
with  distilled  watei'  are  subject  to  the  same  difficulties.    The  addition 
nf  alcohol,  which  has  been  recommended  as  a  preservative  measure, 
is  inadmissible,  because  a  small  quantity  w*ould  predispose  the  water 
to  a<"etous  fermentation  (souring),  as*  has  been  proven,  and  larger 
quantities  might  intertcre  therapeutically. 

The  following  classification  of  the  official  waters  shows,  at  a  glance, 
their  strength  and  mode  of  preparation  ; 


Orn<  lAL  Wateii*  madk  by 

OfllciftI  Nftin«« 
AquA  AraygdaUe  A  mane 
A(|U]i  Aunintii  Flonim 
Aqim  Chloroformi 

At|att  rreosoti 

Aqtm  Uydrogienii  Dioxidi 

Aqun  KotM 


Agitating  thk  Mkdicikal  Ijcohedii^t  with 
Cold  Watkr, 

0.1  \ter  cent,  by  volume  of  Oil  of  Bitter  Ahiiond 
50  j>er  cenl.  of  Htrungvr  (Jnmgtf  Flower  WnitT 
Sat  untied.     Abcmt  0.5  per  cent,  by  volume  of 

Chlofoforra. 
1  WT  tM?nt   b)^  vrtbiriK?  of  Oeo^Ue. 
Auout  3  p€r  ceiit.  by  weight  of  pore  Hydixigen 

Dioxide^  or  10  voUiine^  of  nvaimble  Oiygen, 
50  \}€T  cent-  of  stronger  Kf»«e  Water. 


Btttc^r  almond  water  is  likely  to  contain  variable  proportions  ot 
hydrocyanic  acid,  as  thi§  acid  is  usually  present  in  the  commercial 
oil  ;  it  is  a  weak  and  very  uncertain  preparation.  The  German 
P]uirmaco]xeia  dire<?ts  that  bitter  almond  water  shall  l)e  made  by 

i^li-Htillation  an*!  shall  contain  0.1  per  cent,  of  absuhue  hydrocyanic 
Icid  :  this  c*orras|X)nds  in  strength  to  the  distilled  cherry-laurel  water 

'of  the  British  Pharniaeopceia. 

OrriciAr.  Watkiis  mabk  ht  vassivq  Gases  throuch  Watbe. 


AqQA  AmnioniiE 

Aqtm  AmiUHnik*'  Forti<ir 

Aonm  CbloH 


10  per  cent  by  weight  «»f  gtmow  AmmoDia 
28  per  cviit.  by  weij^lii  of  gaseotui  Ammoma. 
OA  per  oont  ir  weight  of  goMoufl  Chlorine. 


(^hlorinc  wiiU-r  is  very  pi-ouc  to  changt* ;  it  should  always  l>e  kc|it 
iu  well-tilled  botths,  ill  a  fool,  (larlv  |i]n<H*.  ti«  .lir  -itid  lii^ht  ha**tcn 
deterioritton. 
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Okficial  Waters  »aije  hv  Tuituratijig  the  Mkhici^ial  lNGRKDiic3rT  ynrn 
Precipitated  Calcii  vi  T^m.^i-iiATK  ant>  thex  Mixin*.  ^nxii  Cold  Watub 

AXD  FiLTERTXO. 

strength* 

0.2  per  cent  bv  volume  of  Oil  of  ^Vaiscb 

«  Gra   of  Cnmphor  in  1000  Cc, 

0.2  jK»r  cent  by  volume  of  Oil  of  T'lniiHrtiun, 

0  2  per  cent,  by  volume  of  Oil  of  Finn.* I 

0  2  jM^r  cent  by  volume  of  Oil  r-i  itiu 

0.2  [»er  cent  by  volume  of  Oil  oi      ,  t 


Aqua  AnUi 
Aqua  Cam|>horffi 
A»m»  (Jinnunioirii 
Aqua  Faniculi 
Aqus  MenLJiii'  Piperil^ 
Aqtm  Menlh.t*  Mridii 


Witli  the  exception  of  camphor  water,  this  vvliole  clapg  i8  prepared 

by  triturating  the  oil  with  twice  its  weight  of  (uleiiirn  phixspluUc^  for 
the  puri)ost»  of  minute  sulxli vision,  then  adding  gradually,  under 
constant  I ritn ration ,  suffident  distilled  water  to  make  the  d«in'd 
volume,  and  finally  filtering  the  mixture  throut^h  pa|>er.  In  llse 
case  of  camphor  water,  8  Gra.  of  camphor  are  triturated  with  5  Oc, 
of  al«)hol  and  ^i  Gm.  of  calcium  phosphate,  after  which  the  prepam* 
tion  is  finislieil  like  the  others. 

Olher  ab.<tn-l)ont  powders  fiave  l>cen  used  from  time  to  time  to 
feciliUite  the  division  of  the  oil,  such  as  magnesium  carbonate,  pre- 
pareil  chalk,  purified  talcum,  etc  ;  but,  of  all,  magnesium  carbonate  i$ 
tlie  least  desirable,  from  the  fact  that  a  minute  quantity  of  the  salt  w 
always  dissolve*!,  and,  iu  a  few  cases,  compounds  with  the  acids  uatu* 
rally  present  in  some  oils  are  formed ;  cinnamon  water  made  with 
magnesium  carbonate  is  always  colored  yellowish^  whereas,  if  distilled 
or  made  with  calcium  phosphate  or  purified  talcum,  a  colorless  solution 
18  obtained.  Tlie  plan  of  distributing  the  volatile  oil  over  purified 
cotton  and  tfieu  bringing  it  into  aqueous  solution,  by  slow  perflation 
with  distilled  water,  which  was  officially  directed  in  the  Phan  in 

of  1880,  yields  aromatic  waters  of  fine  flavor,  but  is  object)-  ii 

«cxK)uut  of  the  [M^ssible  bad  effects  due  to  prolc»ngi*d  contact  of  tlie  oils 
with  the  fingers  of  tlje  operator, 

OffICIAJ-  WatKBJ*   MAJ>e  BY   DiOTLLIJlTIOII. 


Aqua  A  u  ran  til  Flomiu  Fort  in r 
AqUA  DostilUu 
Aqua  RcMHV  Fortiop 


ainagili* 
Saturated. 
At»-^ihitely  puro. 


Aromatic  waters  made  by  dtstillation,  in  many  instances^  ptmtm  a 
more  agreiiible  flavor  than  the  afpUM)ns  solution  of  the  corresponding 
volatile  oils,  which  is  probably  due  to  the  fact  that,  besides  llic  voU- 
tile  oil,  other  volatile  compjunds^  such  as  acids  or  ethers,  are  nregeiil 
in  tlie  drug,  and,  j^uis^ing  over  with  the  stetmi,  remain  dis6(;lvm  in  the 
c?tuidens<Hl  water.  In  distilling  aroriuttic  waters  ov(»r  a  nnkinJ  fire, 
imrv  should  Ik*  taken  to  pn*veut  the  matenal  from  h-  I. 

which  <iin  U*  otiviatrnl  l)y  phu'ing  the  drug  either  ujkju  ^  ni 

or  in  a  {lertbrati-d  vtfiisel  or  wire  cage,  and  then  saapending  ihis  in 
the  water,  A  jieculiar  cxlor  is  tjliserved  in  some  watera  immediately 
after  they  have  Iteen  distilled  and  c«mdensed  in  tin  vesaela,  bat  not 
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wnrngla^  vess^^ls  have  bcoii  used  ;  if  the  watei*8  l>e  exj>osed  to  the 
air  in  loosely  stoppered  vessels,  for  a  few  ilays,  this  Htill-«xlor  disap- 
pears and  the  uatuml  mlor  of  the  water  Ijeeomes  apparent. 

The  stron^tT  orange  flower  and  rose  waters  are  obtained,  on  a  large 
s<'ole,  often  as  by-pro<hic<s  in  the  distillation  of  the  respecrtive  oils ; 
in  eoniraerce  they  are  distinguisheil  us  f}f  frlpfr  or  quadrapk  strength. 
lu  onier  to  produce  a  saturatefl  sohition  of  tlie  oil,  recourse  is  had  to 


bunwrR.  •ml  It  fttlaciuble  ai  b,  d  ;  It  l«  aIm  l  ntcndixl  to  not  h»  «  flue  to  nXiWw  t  h>:  i  >  >  ^  >  r.  1 1 1  [,, 
gli  bfirticm  on  ihv  titles  iifthc  UtlWr.  u  b  ■  «<'tc>v«  cover  rvfutivable  for  rllHag  or  cleftQsliiti  the 
l^fetlMr.  w  In  ih*  v*|i^tr  fiii»c  frtmi  thii  hniltr  lo  tttr  <'rm4i«nalnj(  oHI,  \t,  Iti  the  giilvmiiytKl  Imn  con- 
d^alfit  tAak.  K.  whlcb  Ia  prcirldc^l  with  Hti  inlet  for  colfl  wiitvr  ut  1.  And  ad  outlet  for  tlie  wftrtn 
HBtit'rHl  L    At  c»  b  A  UQioo  fur  (HmuiH'tliiir  th«  v^ufwir  pl{fe  ^ilit}  ibc^  mudeiu^tne  c«j1L    mU  the 


ouUot  fcif  UM!  C«itHl»rjt«r|  niitcr,  ntid  \ 
tlw  Jfloleel,  ftii^  K  An?  vt^nt  hulci  in  (h 
•  ramomhtr  ei^ivr  for  rtcAtiAln^  imu 
irti«f  tnm\  Ihi*  r<uultMiii}tig  tank,     t,  ii 


(oh  \\\f  cxhnu«tc(l  ipt** 
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the  process  of  cohobation  or  redistillatiou,  which  cousists  in  distilliug 
the  same  water  two  or  three  times  with  fresh  portions  of  the  flowers. 
In  some  factories,  saturated  orange  flower  and  rose  waters  are  ob- 
tained, not  as  by-products,  but  direct  from  the  flowers,  by  distilling 
them  with  relatively  small  quantities  of  water;  thus  triple  strength 
water  is  distilled  by  using  three  parts  of  the  flowers  to  one  of  water, 
etc.  According  to  Schimmel  &  Co.,  of  Leipzig,  Germany  (extensive 
distillers  of  volatile  oils  and  aromatic  waters),  sextuple  rose  water 
represents  the  highest  obtainable  concentration,  and  rose  water  pre- 
pared from  more  than  six  times  its  weight  in  roses  will  not  retain  the 
whole  of  its  oil  in  solution,  at  ordinary  temperature. 

For  the  preparation  of  distilled  water  a  si>ecial  apparatus  has  been 
put  upon  the  market,  which  is  said,  by  those  who  have  used  it,  to 
yield  an  exceptionally  pure  water  and  in  considerably  larger  quantity 
than  is  usually  exjxxUed  from  a  still  of  like  size.  The  apparatus, 
which  is  illustrated  in  Fig.  200,  is  known  as  the  Curran  Water  Still, 
and  can  be  used  anywhere  if  gas  and  constant  water  supply  be 
available. 

The  tin-lined  copper  boiler  has  a  capacity  of  five  gallons,  and  from 
it,  four  and  a  half  gallons  of  distilled  water  can  be  obtained  in  about 
two  and  a  half  hours ;  this  allows  the  first  quart  of  distillate,  carry- 
ing with  it  all  volatile  matter,  to  be  rejected,  and  also  retains  a  quart 
of  water  in  the  boiler.  The  rapid  va{)orization  of  the  water  in  the 
boiler  is  effected  by  means  of  four  rose  burners  consuming  jointly 
about  twenty-five  feet  of  gas  j)er  hour,  the  generated  heat  being  all 
utilized  on  the  bottom  and  sidt^  of  the  boiler,  which  is  surrounded  by 
a  galvanized  iron  jacket,  as  shown  in  the  cut.  The  vapor-pipes  pass- 
ing from  the  boiler,  and  the  condensing  coil,  are  both  heavily  lined 
with  pure  block  tin,  thus  avoiding  contact  of  the  water  with  any 
other  metal.  There  is  no  pressure  on  any  part  of  the  apparatus,  the 
vajx^r  being  condensed  as  last  as  gf^nerated  and  the  distillate  passing 
nij)i(lly  into  the  receiving  vessel.  Larjrer  sizes  of  the  Curran  Water 
Still  are  made  for  use  with  gas  or  <oal,  delivering,  a(M^rding  to  the 
inaimiacturer's  statements,  which  they  jiuarantw,  from  four  to  ten 
gallons  of  distilled  water  |kt  Ikmit. 


CHAPTER   XIV. 

THE  OFFICIAL  SOLUTIONS  OR  LIQUORS. 

The  term  Liquor  is  applied  in  the  Pharmaeopceia  to  all  aqueous 
solutions  of  Don- volatile  substances.  In  Europe  the  name  is  applied 
in  a  less  restricted  sense,  and  in  England  it  is  not  even  confined  to 
aqueous  solutions.  Twenty-four  liquors  are  oflScially  recognized,  and 
of  these,  eight  are  made  by  simple  solution  of  the  medicinal  agent  in 
water,  fiiteen  involve  chemical  action  in  their  preparation,  and  for 
one  the  Pharmacopoeia  gives  no  process  of  manufacture.  This  solu- 
tion— the  liquor  sodii  silicatis — is  made  on  a  large  scale  by  manu- 
facturers, being  used  extensively  in  the  arts,  and  for  medicinal  use 
should  be  of  the  density  oflScially  prescribed.  For  two  of  the  solu- 
tions— those  of  potassa  and  soda — double  formulas  are  given  :  one 
a  simple  solution,  the  other  a  more  tedious  chemical  process ;  the 
former  plan  is  usually  followed  by  pharmacists,  while  the  latter  is 
preferred  by  manufacturers.  The  official  liquors  may  therefore  be 
conveniently  divided  into  two  groups,  as  follows: 

1.  Simple  Sohiiions,  The  active  ingredient  is  added  directly  to 
the  water. 

Ofllcial  Name.  Strength. 

{1  Gm.  Arsenous  Acid  ] 

5  Cc.  Diluted  Hydrochloric  tinlOOCc 
Acid.  J 

'Xno^.rlroU^^^'^'"   '""'''     (l«m:RrMe.^':^l*    I  in  100  Cc. 
(Donovan  8  SoIoUon)  y     Iodide.  j 

Liquor  Calcis  (Lime  Water)  Saturated;  contains  about  0.17  percent 

of   Calcium    Hydroxide   at    15®  C. 
(59°  F.),  but  the  percentage  decreases 
as  the  temperature  rises. 
Liquor    lodi    Compositus    (Lugol's  5  per  cent,  of  Iodine  and  10  per  cent,  of 

Solution)  Potassium  Iodide- 

Liquor  Plumbi   Subacetatis  Dilutus  3  per  cent,  by  volume  of  Solution  of 

ij&iA  Water)  Lead  Subacetate  (Goulard's  Extract  >. 

Liquor  Potasste About  5  per  cent  of  Potassa  ( Potassium 

Hydroxide). 

Liquor  Sodte About   5   i>er  cent,  of  Soda   (Sodium 

Hydroxide). 
Liquor  Sodii  Arsenatis  ...         1  Gm.  anhydrous  Sodium  Arsenate  in 

100  Cc 

2.  Chemical  Solutions.  The  active  ingreilient  is  formed  in  the 
process  of  manufacture,  as  the  result  of  chemical  action. 
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Official  Nani«. 

Liquor  Ammonii  Acetatis  i Spirit  of 
Mindererus).  Made  from  ammonium 
carbonate  and  diluted  acetic  acid. 

Lic^uor  Ferri  Acetatis.  Made  from  fer- 
ric hydroxide,  glacial  acetic  acid,  and 
water 

Liquor  Ferri  ("hloridi.  Made  from  iron 
wire,  hydrochloric  and  nitric  acidsi, 
and  water. 

Liquor  Ferri  C'itratis.  Made  from  fer- 
ric hydroxide,  citric  acid,  and  water. 

Liqiior  Ferri  ei  Ammonii  Acetatis. 
(Basham's  Mixture-.  A  mixture  of 
tincture  of  ferric  chloride,  spirit  of 
Mindereruis  diluted  acetic  acid,  aro- 
matic elixir,  jrlycerin,  and  water. 

Liquor  Ferri  Niiratis.  Made  from  fer- 
ric hydroxide,  nitric  acid,  and  water. 

Liquor  Ferri  Sube>ulphatLs  ^Mon^el's 
Solution  .  Made  from  fern>us  sul- 
phate, nitric  and  sulphuric  acids  and 
water 

Liouor  Ferri  Ter?ulphaiis.  Made  like 
the  prei.-eding.  oxt-ept  that  more  sul- 
phuric acid  is  ust^l. 

Liquor  Hydrargyri  Nilratis.  Made 
from  red  mercuric  oxide,  nitric  acid, 
and  water. 

Liquor  Magnesii  Citratis.  Made  from 
mainiesium  carbonate,  citric  acid, 
syrup  of  citric  acid,  potassium  bicar- 
bonate, and  water. 

iqu«»r  Plumbi  Subaeetatis.   Maile  from 

lead  acetate,  leaii  oxide,  and  water. 

-iqut>r  PMia>fSf.    M:iile  from  f>ntassium 

bii-jrlx^mate,  lime,  and  water, 
.iqii'-r     P"tav*ii     Arsenilii       Fowler* 
Siluii'-n  .     Made  fn^m  arsenou^.  acid. 
|-ila.-*i!im  .-irU.nate.  i^«m|M>unti  linc- 
tiin-  '•:"  I.ivt-n'ler,  and  water. 
/:  ji   r   r   :i-.-ii   <  ilrali-i     Mi'iiun   I*n- 
T.\--ii «  i'rali-  .   Made  fp»m  |M>ta^i»im 
^i«-ir  ■  n.i'» .  <  irrii   a«id.  and  water. 
/i-.ii  -r  ^  'it'      Mad*'  fr'-ni  -Kliiim  «*:ir- 

i-r.  i!' .  !.•..•-.  .in-i  wat»r 

.i-j  j    :    ^"i-     '  r.'.  .ri;.«-      L.tl'.trra.jUl  "- 

"^     ;*.'  M  j'i»-   fr-.rn   --iiinn   i;ar- 

-  :   I*'-    ■  :.     rir.  i^-^i  linif.  a!i«!  wat^-r 

.'.  .  .   r     ^ -:  .     '*.".'.• -at i».      Maiie    i"r>':n 

•,  .-.T't    ~    :.  .::.  i,.  ir.  .\i.|i-.  and  \*a;»r. 

J.  .  .    '     /       .     '     .'.  ■-;  i.       Nlai-     t>  »:u 

-'.-    ..    ■.  1  .    •...lr.Hl,:..ri.      an,l 
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Strength. 

About  7  per  cent,  of  Ammonium  Ace- 
tate. 

About  3  per  cent,  of  anhydrous  Ferric 
Acetate. 

About    37.8    per    cent,  of   anhydrous 
Ferric  Chloride. 

About  7.5  per  cent,  of  metallic  Iron. 

About  0.1  per  cent-  of  metallic  Iron. 


About  6.2  per  cent,  of  anhydroos  Ferric 

Nitrate. 
About  13.6  per  cent,  of  metallic  Iron. 


About  2S.7  per  cent,  of  Ferric  Sulphate. 
.\bout  60  per  cent,  of  Mercuric  Nitrmte. 
About  6.25  Gm.  of  Magnesia  in  360  Cc 

.V  1m Kit  2)  per  cent,  of  I.ead  Sohaoetmte. 

Ablaut  ~» [>ercent.  of  Pota4»  ( Potassium 

Hydn»xide  . 
1  <im.  Arsenous  .\cid  in  100  Cc. 


Ab^iii  '.*  per  cx^ni-  of  anhydrous  Pota»- 
sium  <  it  rate. 

AU'iii  •'•  |»er  cent,  of  Soda  ! Sodium 
ny.in»\ide  . 

At  le.i-t  J.''  i»er  cent,  of  a«*ailable  Chlo- 
rine 

.\!-«iit  '\.\  [t.r  ivnt.  of  Sodium  Silicate 
a  rnixt'ir^-  ^A  tri-  and  tetra-silicate*. 
Al»  .'ir  '•'»  i-r  cent,  of  Zinc  Chloride. 


CHAPTER    XV 


DECOCTIONS  AND  INFUSIONS. 


Decoctions. 

I>ECcxrriON8  ure  aqueous  solutions  of  the  active  principles  of  vege* 
table  drugs,  j>rei>ared  at  a  boiling  temi>erature.  This  process  is  ob- 
viously uot  adapted  to  drugs  contaiDing  volatile  principletif,  or  those 
whose  activity  depends  upon  resinous  constituents.  Drugs  of  a  very 
close  texture,  or  the  active  virtues  of  which  cannot  be  exhauste<l  l>elovv 
tlie  temjierature  of  boiliug  water,  are  lyesi  mii*ji\  for  the  process  of 
decoction.  In  former  years,  decoctions  were  extensively  employe*!,  and 
frequently  made  by  using  a  large  quantity  of  water  and  boiling  it  down, 
in  ojH'n  vessels,  to  one- half,  or  even  to  a  les^  amount  This  methtRj 
oflt'ii^il  no  LibvioiH  advantage,  and,  in  fact,  often  proved  deci*leilly 
disadvantageous,  on  account  of  the  deleterious  effect  upon  the  eon- 
»lituentjs  of  the  drug  by  long  exfiosure  to  air  and  heat.  In  this 
country  at  least,  decorations  have  almost  entirely  disappeni'ed  from 
the  pliysiciaii^s  arniamentariuin,  and  the  pharmaciwt  is  but  rarely 
called  upon  to  prepaid  thcoi ;  the  U.  S,  I^tiarn\acii|iaiiaf  sinaa  1880, 
has  officially  rt*cognized  only  two  of  these  prepamtions — namely, 
decix^tion  ot'cctraria  and  comjiound  decoction  ofsai-saparilla. 

Decoctions  oa  well  as  infusions  must  always  be  prepared  extem- 
poraneously, since  they  will  readily  deteriorate,  on  aitxiunt  of  the 
perishable  matter  in  solution  and  the  absence  of  alcohol  or  other 
pre9crvati%-e. 

The  PharmacoptBia  gives  the  following  genend  directions  for  pre- 
paring ileci»ctions  wh*'never  a  special  strength  is  not  indicated  by  the 
physician  ;  Put  50  Gm.  of  the  substant^se,  ct^arsely  comminutetlp  into 
a  suitable  vessel  provided  with  a  cH^^»ver;  pour  upon  it  HXM)  Cc  of 
i!old  water,  cover  well,  and  lK>il  f<ir  fifteen  minutes  ;  then  let  it  cck>1 
to  alxfut  40^  C\  (104'^  F.),  strain  the  liquid,  and  pass  through  the 
strainer  enough  cold  water  to  make  the  product  measure  llMX)  C*-. 

The  use  of  cold  water,  to  begin  with,  insures  the  complete  extrac- 
tion from  the  drug  of  all  its  soluble  principles,  by  the  gradually 
beated  wat**r,  the  albuminous  matti'r  being  sulistHpiently  coagulated 
as  the  heat  is  increased  to  near  the  ^Kiiling-jjotnt.  If,  on  the 
other  hanil,  the  drug  be  at  om^  immeise<l  in  bailing  water,  the 
albumen  rontaine*!  in  celli*  would  be  coagulatcil,  and  thus  seriously 
interfere  witli  the  extraction  of  the  other  constituents.  In  pii^parin:^ 
compound  decoctions,  all  the  drugs  may  l^e  added  to  the  cold  water, 
with  the  ejcception  of  those  which,  like  senna,  are  injured  by  long-* 
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contiiiii<*<J  beat»  or  wliieli  cH^iitain  aromatic  or  other  voIatT 
pies;  siR'b  sliould  lie  added  when  the  dec^ot-tion  is  ready  to  \m 
removed  fmm  the  fire  or  steam-bath,  and  allowed  to  dlj^e.«il  uaiil  it 
h  sutlleieutly  cooled  for  stmhiiog.  The  material  should  iu  all  cadcs 
Ik*  cut  or  bniised,  the  degree  of  fineDeas  dej>euding  upon  the  nature 
of  the  tissue  Woody  drug*^  may  be  reducsed  to  a  moderately  fine 
powder;  leaves,  however,  and  other  drugs  coiisistiug  mainly  of  liKitie 
j^renehyma,  are  l>etter  used  in  the  form  of  a  moderately  eoarse  or 
very  coarse  powder. 

Unless  the  liquid  is  to  be  considerably  boilod  down,  decoctions  are 
beat  prepared  in  a  vessel  provided  with  n  reaver,  which  may  tie 
looeely  put  on  until  the  boiliniij  is  completed,  when  the  vessel  i^bould 
be  well  doseil,  jx'irticularly  if  additions  have  l)een  made  at  the  cK>se 
of  boiling.  Porcelain  i§  nodoubtctlly  the  best  material  for  ves^*Is 
used  for  preparing  deccjctions,  since  it  is  not  acted  upon  by  the 
various  vegetable  principles ;  for  similar  reasons,  glass  flasks  will 
answer  a  useful  ]>ur|M:rse  in  making  small  quantities  of  these*  prepa* 
rations.  As  a  rule,  it  is  best  to  avoid  nietallie  vesst^ls,  cxwpt  when 
made  of  block  tin  and  usetl  in  connection  with  a  steam  Imth.  Aa 
many  drug!S  contain  tanuin,  vessels  made  of  iron  are  not  adaptc*!  for 
preparing  their  de^.'ix^tions,  and  the  usmdly  imperfect  covering  of 
gidvanize*]  or  tinned  sheet  iron  rendera  the  vessels  lined  with  such 
materia]  but  little  better  suited  for  this  purpose,  and  still  inferior  lo 
properly  enamel le<i  iron  vessels. 

Asa  nile,  decoctions  should  be  allowed  tocool  to  below  40*^  C-  (104° 
F.)  Ijefoi'e  they  are  straineii ;  printHples  which  are  8<iluble  only  in 
hot  water  are  then  mostly  precipitated,  a ud  i-emoved  without,  in  mast 
caaeSy  weakening  the  medicinal  eftwts  of  the  preparations ;  but, 
even  with  this  precaution,  the  strained  liquid  may  become  unsightly 
in  appearani*e  by  the  further  dejKisition,  on  cooling,  of  apotheme  or 
matter  soluide  only  in  hot  water*  In  such  cases  the  [>harmarist  should 
l>c  guided  by  the  directions  of  the  Pharmacopoeia  or  the  inten- 
tiou-H  iif  H)i>  phv>*trifiti,  nnd  nut  ^irnfice  effect  to  elegance. 


Official  DeooctiottB. 

Deci>^ion  of  Cetraria  is  made  by  tin^t  mawrating  thr  cetrarin 
with  cohl  water,  for  half  an  lunir,  in  ortler  to  ivmovi*  a  portiiniof  the 
bitter  [>rinciple  present  ;  this  liquid  is  rejected,  after  which  the  drug 
is  lioiled  with  fresh  water,  for  half  an  hour.  Each  Cc.  reprt^sentiA 
0*0o()  Gm.  of  oetraria. 

In  comptmnd  dec4>ctton  of  Sarsaparilla,  the  sarsa|>arilla  and  guaia* 
•nim  wood  are  dirtx'tixl  to  Ijc  boife«l  with  water,  for  half  an  hour, 
after  whicli  the  sassafras,  liquorice'  nxit,  and  messereum  are  added, 
and  the  whole  is  macerates]  witliout  furtlier  heat  in  a  woll-onvered 
VMiiel.  Each  Cc,  pcpresents  0.10  (im,  of  Barsaimrilla,  0,020  Gm. 
each  '^  iT.nenni  wooil^  saaaafras,  and  glycyn'hiza,  and  0.010  Gm* 
of  t'  J, 


DE(y)CTIOyS  AND  INFCSIOys 


215 


In  the  British  PiuinnacopcBia,  thirteen  deeortions  are  reeoj^iiizecl, 
all  of  which  are  diix*cted  to  be  made  with  distilled  water,  and,  io  the 
majority  of  the  formulas,  boiling  is  continued  for  only  ten  minutes. 

The  German  Pbarmaeopfeia  directs  decoctions  to  l>e  made  of  the 
strength  of  ten  per  cent,  when  not  otherwi«»e  s|K»cified,  by  keeping  the 
mixture  of  drug  and  cold  water,  for  half  an  hour,  in  a  bath  of  steam 
arising  from  lH>iliDjj  water,  and  then  expressing  while  warm*  Two 
preparations  termed  demctiunSy  of  althaea  and  of  flaxseeil,  are  pre- 
pared cold  by  maoei'aiion  for  half  an  hour  and  subsecjuent  gentle 
expre^^sion  ;  they  belong  more  properly  under  the  head  of  mueUa^es. 

Infusions  are  aqueous  solutions  of  the  soluble  principles  of  vege- 
table or  animal  <lrugs,  obtained  l>y  mai^emtion  or  digestion  in  hot 
or  cold  water,  and  ditVer  from  decoctions  only  in  the  lower  d^ree  of 
heal  employed  io  their  preparation.  This  process  is  particularly 
suitable  for  substaut*cs  containing  volatile  or  other  principles  which 
would  be  dia^ipateil  or  injure<l  by  Ixiiling.  A  convenient  apparatus, 
well  adapted  for  making  these  preparations,  is  Stpiire^s  infusion-pot^ 
Fig.  201,     This  consists  of  the  jar,  a,  with  a  projeding  ledge  near 

FJO.  20L 


W 


^Miiiilre'*^  tnfluslon-pat. 


tJie  top,  which  supports  a  strainer,  B  or  D,  containing  the  material 
to  be  exhausted  ;  the  jar  is  closed  by  a  well-fitting  cover,  c.  The 
advantages  of  this  t!ontrivance  are,  that  the  material  is  exhausted  by 
circulatory  dif^placement — the  liquid^  ns  it  l)ecomes  charged  with  the 
salable  ingredients,  descending  to  the  bottom,  giving  place  to  fresh 
portions  of  less  saturated  menstruum — and  tlmt  no  further  straining 
18  I'equireil  if  care  has  Incn  taken  not  to  use  too  fine  a  |Kiwder. 

Drugs  are  l^est  adapted  for  exhaustion  with  water  when  cut  into 
thin  slioes  by  a  suitable  knife,  so  that  they  may  lie  easily  pc^rmcuted 
by  the  liquid  ;  if  cutting  be  inadmissible,  they  should  be  bruised 
to  a  coarse  powder*     Ligneous  drugs,  liowever,  should  Ikj  in  a  fine 
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or  moderately  tine  {wwder,  which  is  also  best  adapted  for  most  of 
those  infusions  which  may  be  made  by  percolation. 

Wherever  possible,  infusions  should  be  made  in  porcelain  or  porce- 
lain-lined vessels,  to  avoid  contact  with  metal. 

The  U.  S.  Pharmaci»pieia  has  adopted  the  plan  of  ordering  all 
infusions,  unless  otherwise  directed  by  the  physician,  with  the  exoep- 
tion  of  four  specially  enumerated,  to  be  made  of  1  part  of  mate- 
rial to  20  ))arts  of  infusion,  according  to  the  following  directions : 
"An  ordinary  infusion,  the  strength  of  which  is  not  directed  by  the 

Ehysician  nor  specified  by  the  Pharmacopoeia,  shall  be  prepared 
y  the  following  formula :  Take  of  the  sul>stanc'e,  coarsely  com- 
minuted, 5<J  Gm. :  lioiling  water,  1000  Cc. ;  water  a  sufficient  quan- 
tity to  make  1000  Cc.  Put  the  substance  into  a  suitable  vessel 
provided  with  a  cover,  pour  uj>on  it  the  l>oiling  water,  cover  the 
vessel  tightly,  and  let  it  stand  for  oue-half  hour.  Then  strain,  and 
pass  entmgh  water  through  the  strainer  to  make  the  infusion  measure 
100^)  Cc. 

The  Pharma<-op«eia  omits  to  direct  the  expression  of  the  drug  after 
infusion,  but  it  is  evident  that  bulky  herbs  and  flowers,  which  are 
best  adaptnl  to  this  process,  would  retain  a  considerable  proportion 
of  the  lifjuid,  which  t^nnot  be  washetl  out  simply  by  passing  water 
thnju^h  the  strainer  Uy  niake  up  the  deficiency  in  volume. 

\Ua\\  in  the  <-asos  of  dt^tx'tions  and  infusions,  the  Pharmacopoeia 
ref|uires  that,  when  made  of  energetic  or  powerful  substances,  the 
physician  shall  sjK-ci fy  the  desired  strength. 

Four  infusions  are  officially  recognizetl  in  the  Pharmacopoeia,  two 
prejiared  cold,  by  |jercolation,an<l  two  by  maceration  with  hot  water; 
the  time  direited  for  the  latter  intth«Kl  is  not  specified,  maceration 
\mu\i  c^jntinu*-*!  until  the  liquid  is  cold. 

Tlic  stren;rtli  of  infusions  of  the  (tcrman  Pharmacopoeia  is  double 
that  of  our  own,  but  the  jren<  nil  dinvtions  given  for  their  prepara- 
tion an-  nearly  identi^nl  with  the  aUjve,  tVom  which  they  differ  only 
in  tliir».  that  the  rnixtiin'  of  driiir  and  boiling  water  is  heated  for  five 
iiiiniit«r»  ill  a  vajH>r  bath  of  iiniiini;  wattT,  cxt-aHonally  stirred, 
allowed  to  '-ool,  ainl  >train«il. 


OflQcial  Infusions. 
Mai»k  iiv  Pkkcoi.  \noN. 

*»■•/■.•  >'rTijtli. 

J  l.<»  <  <•.  of  Aromatic  Milphursc  Acid  i 
Inhi-iirii  I'rufji  Vir;/iriian  «•  iJMim.  of  NViM  <  lierrv  in  HHJ  Cc. 

Ii<»th  infii-ioim,  it'  »nr<fully  pnj)an-<l,  an*  effic-ient  pre))arations  of 
the  dnii:**  frofii  whi^h  tiny  an*  made  ;  tin'  former  will  eontain  all  the 
alkahmU  ot  'iiifhona,  in  .solution  us  sulphates,  and  the  latter,  any 
hydrwyani**  a'id  j:#'n«rat<Hl  in  the  Imrk  by  th<*  aid  of  water. 
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Made  by  Hot  Maceration. 

Name  Strength. 

Infusum  Digitalis  1.5  Gm.  of  Dijritalis  in  100  Cc. 

(6.0  Gm.  of  Senna  ] 

12.0  Gm.  of  Manna  I  t«  iaa  r^ 

12.0Gm.  of  Magnesium  Sulphate  f  ^°  ^""  ^<^ 
2.0Gm.  of  Fennel  J 

Infusion  of  digitalis  is  pleasantly  flavored  with  cinnamon  water, 
and  contains  10  per  cent,  by  volume  of  alcohol,  hence  it  will  keep 
for  a  few  days,  particularly  in  a  cool  place. 


V 


^^  CHAPTER    XVI. 

^  Ix  pharmacy  the  term  synip  is  applied  to  concentrated  solutions 

j[  of  sugar,  the  solvent  being  either  water  or  an  aqueous,  acetous,  or 

*  hydro-alcoholic  solution  of  some  medicinal  or  aromatic  principle. 

^  The  Pharraacopo?ia  applies  the  name  ^yrupus  or  ift/rup  to  a  nearly 

saturated  solution  of  sugar  in  water;  in  practice  this  solution  is 
usually  termed  simj>iesi/rup  as  a  mark  of  distinction.  Synipe  are  an 
old  and  favorite  form  of  administering  medicines,  partly  on  account 
of  the  sweet  taste,  and  jiartly  because  sugar  is  usetl  as  a  preservative 
for  otherwise  unstable  vegetable  solutions,  in  place  of  alcohol, 
which  is  often  contra -indicated  in  disease.     The  sugar  used  in  mak* 

^  ing  syrups  should    l)e  of  the  best  quality    obtainable,  as  upon  it 

^  dej)end  the  character  and  stability  of   the  finished    syrup.      The 

^  PharmacojKeia  describes  sugar  as  <KX?urring  in  white,  hard,  crystalline 

^  granules,  of  purely  sweet  taste,  which  corresponds  to  the  best  com- 

mercial varieties  known  as  granulated  and  cut  loaf  sugar;  in  order 

^  to  overcome  the  yellowish  cast  of  sugar,  refiners  frequently  add  ultra- 

•9  marine,  Prussian   blue,  etc.,  which,  to  some  extent,  will  pass  even 

^  throiiirh  pa|>er  filters  an<l  finally  dcpo-^it  in  the  syrup  containers. 

<•  Sn;:ar  is  soluble  in  half  its  weight  of  water  at  15"^  C.  (59°  F.), 

^  anrl  a  satiiratKl  solution  thus  prepart-il  has  the  s|XH?i fie  gravity  1.345; 

it  i^  al-o  solublr  in  17o  times  its  weight  of  official  alcohol.  Large 
quantities  oi'  suiiar  <iissolved  in  water  very  materially  increase  the 
bulk  of  tlir  liquid,  a  fact  wiiich  must  always  be  l>orne  in  mind  in  the 
pr^panition  of  syrups  ;  practi stilly,  two-thirds  of  the  weight  of  sugar 
will  ecjnal  its  bulk  in  fluid  measure,  or,  in  other  words,  750  Gm.  of 
sutrar  wImii  <lissolve<l  in  water  will  incn-ase  its  bulk  about  500  Cc. 
T\ii'  proper  pr<»|M)rtiou  of  suirar  to  menstruum  is  of  great  importance, 
a-  upon  it  <l<*p«!id-i  tlie  stability  of  the  syrup.  Should  the  sugar 
Ix-  «liti<i«nt  in  quantity,  it  could  not  etlicicntly  protect  the  other 
ortrani(!  prinripK-s  in  the  synq),  and  the  latter  would  be  liable  to 
f<rin*-nt.  <  )n  tli<*  other  hand,  if  t<M)  uui«'h  sugar  U^  dissolved  by  the 
aid  of  h«-at,  tin*  excess  will  crystallize  after  cooling  and  dispose  an 
additional  quantity  to  S4>pamte  in  like  manner,  thus  leaving  tlie 
.syrup  wr-akcr  in  sii;:ar  than  it  shouM  Ik?  and  subject  to  similar 
alt«'nitions  a^  if  an  insntlirifut  quantity  of  sugjir  had  been  used. 

Pi:Ki*AHA'rioN.  In  the  preparation  of  syrups,  solution  of  the  sugar 
may  U*  ef1<'<-t<'<l  by  ontM»f  the  following  metho<ls  :  Agitation  of  sugar 
an<l  Milvent  without  heat,  cold  percolation  of  the  sugar  with  the 
solvent,  gentle  heating  of  the  sugar  and  solvent,  or  heating  the  mix- 
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tare  of  sugar  nm]  ^^olvent  to  tho  t>oiling-|>oint.  The  application  of 
heat  in  tlie  uuuiiifactnre  of  syrups  slioukl  Ik?  jivoitI«Nl  ils  far  a3  j>os- 
gible,  e8iK?.?ittlly  a  boiliu«T  tomjicraturc,  partly  to  prevent  the  lo^^s  of 
volatile  tx)nstitucuts  and  partly  to  ^uard  against  any  change  in  the 
character  of  the  sugar,  wlncli,  under  the  influence  of  heat  aud  par- 
ticularly with  acid  liquids,  is  n>uverttd  into  invert*^]  sugar,  reseni* 
ling  gl noose,  aud  thereby  predisposed  to  fermentation  ;  moreover, 
the  use  of  heat,  in  open  vessels,  causes  evaporation  of  a  part  of  the 
solvent,  which,  if  not  restoi'^,  produces  a  supersaturated  solution 
witfv  the  attending  evil  of  crystallization  referred  to  ab<3ve, 

Tlie  preparation  of  syrups  without  heat  is  a  feature  of  American 
pharmacy,  both  the  British  and  German  Plnirmaeop*Teias  directing 
the  use  of  heat  in  every  instance.  By  sonje  authorities  it  is  claimed 
that  8yru|)s  made  with  heat  are  more  |>crinanent  than  those  made 
cold  ;  this  claiaj  is  not  supported  by  experience  in  this  country. 
For  all  syrups  containing  volatile  principles  or  such  as  may  be 
changed  by  heat,  the  cold  pnx^^As  is  positively  advantageous,  and  if 
pui^*  sugar  be  used,  such  syrnps  kec»p  ndmirablv. 

The  priK'Ciis  of  cold  {KTcolatfon  of  sugar  with  the  solvent  was  6rst 
snggestcci  by  L.  Orinsky  in  1871,  and  is  now  larj^^ly  recommended 
in  the  Pharmacopana  ;  the  priwi^s  is  of  decided  advantage  whenever 
the  syrup  is  to  be  prepared  without  heat,  although  it  requires  a  little 
care  in  its  management  so  as  to  insure  perfect  solution  and  a  clear 
jK*r(H»late.  A  cylindrical,  slightly  taj>eriDg  perwilator  is  best  adapted 
ibr  the  purpose,  A  clean  soft  piece  of  sponge  is  placed,  with  modt^mte 
[U't^ssure,  in  the  neck  of  the  percolator  (if  too  tightly  compresseil 
the  viscid  liquitl  will  not  jmss  through,  and  if  too  loose  the  li(|uid 
pd8!4eH  too  rapidily  and  not  clear),  upon  it  is  poured  the  sugar  in 
granular  form  and  properly  levelle<l  and  j^haken  down  by  tapping  the 
sides  of  the  jK'i'eolator,  after  which  a  dia[>hragm  of  filter  [>aper  is 
laid  on  the  surface  and  the  solvent  carelidly  ix)ure<l  on  with  the  aid 
of  a  guiding  rod.  If  the  sponge  or  a  tuft  of  absorlK^nt  cotton  has 
liecn  pro|i«?rly  adjusted,  the  holution  will  be  |)erfectly  clear  and  trans- 
(larcnt  and  pass  out  in  dro|xs  only,  all  the  sugar  being  tsikeu  up  l»e- 
fore  the  eml  of  the  process ;  but  if  the  liquid  pajsscs  too  rapidly,  or  if 
it  Iw  tnrbid,  it  must  be  poured  back  into  the  |)ercolator  until  thedefei^t 
i-*  r(»medied,  Sumc  objections  have  been  made  to  this  pro<^e8s,  such  as 
the  time  necessary  tor  j>erfect  solution  of  the  sugar,  aud  the  fa^'t  that 
albtiminons  principles  liable  to  induce  fermentation  are  best  removed 
by  hent ;  liut  it  must  1)€  borne  in  mind  that  cold  percolation  ref| aires 
v&ry  little  attention  after  it  has  once  Ijeen  started,  c^n  be  allowed  to 
go  on  durinir  the  night,  and  doi-^  away  with  the  iR*ceasity  of  sultse- 
quent  tittraliun  ;  the  evil  tcndc-ncy  of  nitrdgeniw'd  principles  in  the 
solvent  may  lie  overcome  liy  the  use  of  w«*ak  al(^>hol  and  glycerin,  aa 
is  directed  in  many  of  tlie  official  formulas 

In  ihe  ca^  of  some  syrn|w,  where  the  viscid  character  of  the  sol- 

Vflot  precludes  rapid  solution  of  the  sugar,  or  when  the  symp  is 

I  imntctl  in  a  hurry,  a  miMlerate  heat  may  be  employeil  to  facilitate 
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solntion,  by  putting  the  sugar  and  solvent  into  a  strong  bottio  oneuiid  a 
half  timee  as  large  as  the  required  volume  nf  syrup,  and,  after  securely 
corking,  keeping  it  in  a  heated  water-bath  at  about  50°  C\(122**  F.J, 
and  frequently  agitating  until  perfect  solution  is  etfected;  all  Icwss  of 
vol  utile,  principles  \^  uvoidt^J  by  ktM?ping  the  bottle  well  corked. 
Whenever  the  solvent  contains  latent  ferments  or  a  large  proportion 
of  alburniuous  matter,  luating  to  tlie  IxnUng-poiut  is  necessary,  io 
order  to  render  such  principles  hariuless,  as  in  the  case  of  syrups  pre- 
|Mired  fmm  fruit  juices;  but  the  lieat  should  not  be  continued  lieyonil 
the  boiling-point,  to  avoid  a  change  in  the  sugar. 

When  farge  ([uan titles  of  syrup  arc  to  be  made  with  hciit,  the 
mixture  of  sugar  and  solvent  is  placed  in  a  pon;ela  in -lined  or  w»*ll- 
tinmil  kellle  and  heated  over  a  din*ct  (irc  or  on  a  steam-batli,  until 
the  sugar  is  dissolved;  it  is  then  strained  and  water  added  to  make 
up  the  desired  volume. 

PRESEHVATION,  Svrups  arc  best  preserved  in  completely  tillrcl 
lK>ttles,  in  a  cool  place,  and  will  keep  unaltered,  if  properly  pre|HiriHl, 
for  a  long  time;  the  addition  of  preservatives,  such  as  salieyli*^  or 
b^iirie  acid,  calcMum  sulphite,  ether,  etc.,  is  unner^sessary,  and  in  fact, 
obj(H-tionahle,  and  sueli  syrups  as  canuot  k^  kept  with  ordinary  okv^. 
should  be  made  iu  small  quantity  only.  When  syrups  have  under- 
gone fermentation  they  are  no  longer  fit  for  use,  and  even  if  tlie 
attempt  Ije  made  to  restore  them  l»y  boiling,  they  are  likelv  soon 
to  spoil  again,  owing  to  the  decreased  proportion  of  sugar  left  in 
84jlution;  the  lx*«t  and  safest  plan  is  to  throw  tliem  away.  Finished 
s\TUp8  should  ahvays  be  put  into  perfectly  dean  and  dry  boUloi 
(if  made  so  by  heat,  after  they  have  IxTome  cold),  so  sis  to  avoid 
dihilion  nml  p<js.sible  contamination  with  fermentation  germs,  which 
a  IT  liki'ly  to  hu'k  in  inqK-riV-ctly  cleaned  bottler.  Bottles  from 
wlueh  syrups  Imvi'  l»e<'n  disju^nsiHl  should  l>e  tlioroughly  washed 
with  weak  lyr  and  afterward  with  water,  and  ifieu  <lried  l>efoiH*  tlicy 
are  n^UllHl. 

All  syrujjs,  whether  uiaile  by  ciihl  or  hot  process  (except  (?oid  prr- 
colatiou)^  rtHjuire  straining  through  flannel  to  n'move  jiarticldS  oi 
dast  and  dirt,  and,  in  the  ease  of  colorless  or  light-colored  jtyrujH. 
their  app^aranct^  will  be  greatly  improved  by  Blteriu^  them,  under 
cover,  through  paper  or  a  pledget  ot  tH>tton. 


The  Official  Sjrmpe, 


The  l\  S,  rimnuae«»ponrt  n  -^  thirty-two  synijij^,  which  may 

U?    nniveniently   diviihnl    ini  Jug  and   minlirat«*tl   synijjn;  of 

thi^cv   twi?nty-tive  an*   dinH!te<l   to  in}  ma«lc  trUhmi  hrat^  tlirre  are 
raised  tu  hiibng  h^iit,  and  in  the  n'oniining  four  the  sugiir  \n  to  lie 
fliii«oK'ed  with  a  gentle  heat.     Of  the  twenty-tive  ftynips  uiaile  wtth- 
^  ten  an?  fnert*]y  mixtures  of  simple  syrup  and  medrttiitng 


A.  Flavoring  SYRrps. 

1.  St^nipue,  Official  simple  syrup  eixitaiiis  64,54  per  cent,  by 
weight  of  sugar,  each  Ce.  repr<<6*;iiting  U.8n  Gnu;  it  should  be  made 
with  distil  led  water  so  as  to  prtxlufv  a  sohiHoii  of  iTystalline  eleiir- 
ness,  and  if  lieat  hi*  eraployod,  thu  syrup  should  be  pusseil  thmugh  a 
8nmll,dry  straiuer,  whioli  is  thetj  waj?hed  with  sutlident  distilletl  water 
asiHJ  for  riDsiiig  the  vessel^  lo  bring  the  volume  up  to  the  required 
nuautity.  Simple  syrup  sliould  be  made  and  preserved  with  rare. 
Oni*  pound  measures  very  nearly  twelve  fluidouuees. 

2.  Sjfrupus  Actdi  Citnci,  Syrup  of  ei trie  aeid  is  made  by  mixing 
spirit  of  lemon  and  a  solution  of  eitric  aeid  with  simple  syrup;  it  is 
an  excellent  substitute  for  lemon  syrup,  l^eing  more  stable  and  of 
uniform  acidity.  It  is  of  pleasaut  flavor  and  slightly  opalescent, 
efldn  Cc,  containing  OOK*  Gra.  of  citric  aeid.  Unfortunately  synip 
of  citric  acid,  when  kept  on  hand  for  souie  time,  aci^uires  a  terebin- 
thinate  odor;  it  should  therefore  be  made  in  small  quantities. 

3.  Sifnipuj*  Ami/f/dah:,  Syrup  of  almond,  or  orgeat  syrup,  should 
always  be  made  from  blanched  almonds,  so  as  to  l>e  as  free  from 
color  as  possible  ;  blanching  of  alnmnds  eonsists  in  macerating  them 
in  hot  w^ater  until  the  yellow  episi)*Tni,  or  skin,  loosens  and  enn  l>e 
remove*!  by  pressing  l)ctween  the  fingers.  The  blanched  almonds 
are  beaten  into  a  smooth  paste  with  sugar  aral  water,  t<>  which  syrup 
and  orange-Hower  water  are  gmdually  adde<l  j  sugar  is  then  dissolvi**! 
in  the  strained  lifjuid.  Syrup  of  almnnd  (also  known  in  Euroj>e  as 
tympua  einulmtms)  is  whitish  and  opaque,  and,  when  added  to  wnter 
yields  a  milk-like  mixture ;  it  spoils  readily  unless  kept  in  a  cool 
jilace,  in  well-stopperal,  completely  filled  bottles. 

4.  Sifrttpm  Aurantii,  Syrup  of  oi*angc^  is  made  from  a  concen- 
trated tincture  of  the  /Ve^/*,  ow/f/*  omnge  peel,  which  is  mixed  with 
calcium  phos[>hate,  sugar,  and  water,  and  then  filtei^l ;  theifmainder 
of  the  sugar  is  dissolved  in  the  iiltrate.  The  finished  product  con- 
tains 10  i>er  cent,  of  alcohol,  and  possesses  an  agreeable  aroma. 
Syrup  of  orange  should  never  he  made  by  mixing  fluid  extract  of 
orange  jx-el  with  syrup,  ;us  practised  l>y  some  pharmacists;  w^hen 
so  made  it  is  moR»  or  less  bitter,  is  without  the  fine  orange  flavor, 
and  turns  liquids  fH>ntaining  iron  preparations  dark,  on  a»vount  of 
the  tannin  in  the  peel,  which  is  not  the  case  with  tlie  official  syrup. 

5.  Synipm  Aurantii  Fhnim,  Syrup  of  omnge  flowers  contains 
the  same  proportion  of  sugar  as  simple  syrup  ;  it  is  made  without 
the  aid  of  Ut-ni,  most  <'<»nveuiently  by  |M*rcolatiou. 

6.  Si/rujmi^  Ih^hl  hhti.  Syrup  ofnisplHTry  may  be  considered  as 
atyjK.'  of  the  class  oj'  fruit  syrups,  the  official  pnx^ess  of  raanutUcturi' 
being  t*<piaUy  applicable  to  strawlierries,  blackberries,  currants, 
cherries,  etc.  The  object  cjf  setting  the  crushed  fruit  aside  at  a 
moderate  temiM^mtuiv,  20°  to  25°  <\  (B8°  lo  77*=^  P.),  for  several 
day»,  is  to  insurt*  the  complete  dt*st ruction  of  certain  undesirable 
principles  known  a-s  |)ectin,  or  vtijetnble  jfllt/,  wliu'li,  if  allowetl  to 
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rt^irirtiri   in  the  fniit  jnice,  would  itkiiBe  the  syrup  to  gelaiiiiiaee  nn4 
n^inhly  spoil. 

The  ciirnplete  removal  of  peetiu  is  shown  hy  the  lest  with  alei^hul, 
as  the  filtered  jiiici'  should  mix  cli*ar  twth  hsdf  ii5  volume  of  the  lat t^r« 
whifh  will  uot  ix-cur  as  long  as  jiet^tin  is  pre^nt ;  a  eoncentimted 
stJutiou  of  magoe^iiiim  sulphate  should  also  Ic^ve  die  filtered  \am 
UDatFected. 

The  fermeDtation  of  fruil  juices  is  u^sually  eondm^ed  in  casks  or 
cootainerf  tightly  closed  hut  providetl  with  a  suitable  meaos  of 
escape  for  the  carhou  dioxide  gas  generated  during  the  process,  as 
shown  in  Fig.  202  ;  the  end  of  the  fermentative  procjeas  is  indicated 

when  ga^-btilioles  cease  to  escaiM* 
through  the  water  eontaine<l  tn 
the  small  In^ttle.  Experiemr  lias 
shown  tliat  theathlition  of  asmaJl 
nuantity  of  sugar  (2  per  <H*nt.  of 
the  weight  of  the  iruit)  luistens 
fi-rmenfniion,  preserves  the  cxilur, 
Si  ml  fiunlitates  hubse<|uent  filtra- 
tif»n  of  the  juiee. 

After  removal  of  the  pectin, 
the  pulp  is  expressed  aud  the 
juice  allowed  to  8ul>i>ide  in  welU 
closed  veflsels,  in  a  cool  place,  for 
tw^o  or  three  days  until  clear ;  the 
8ui)ernntant  liquid  must  l>e  care- 
fully decanted  or  withdrawn  ami 
parsed  through  a  previouiNly- 
w^^tted  j>jiper  filtiT.  Sug5ir  shotihl 
be  addcnl  to  the  filtnUe  without 
delay  au<l  dissolvHl  by  stirring 
l»efore  the  mixtun*  is  h«iitt*«|  to 
boiling;  tiny  albuminous  matter 
nnnnining  in  the  juic^  is  coagu- 
Int4*d  liy  I  nil  ting  and  r*Tnov<Hl  by 
subst'ipjent  Htniiuing.  T lie  mix- 
Inn*  of  fih<rrt!  juicH*  and  sugjir  ujust  not  !«*  boihd  for  any  lengtli  iif 
time,  but  thf*  htat  shouhl  tw*  withdrawn  when  the  synip  liegtun  tn 
Imtl  quietly  atter  the  fir^t  fn^thing  aud  rimng  of  the  liquid. 

7,  Siff^pujt  Toluinnnsi      The  official  formula  dire«^8  that  a  htiMUg 

aleoholii*  Mtlntion  of  bid.Hum  of  tolu  t>e  mixed  with  !?ugar  and  pre- 

I  phosphat4^^%  the  alcrihol   Inking  sul>Becji  -r- 

i-tv  ifi  a  warm  plan^ ;  the   residue  is  t  b 

i<!old  water  ami  tiftert^d  tlircaigb   papr^  and   to  the  Kllratc,  heat»xl  to 

at>out  00*^   C  (140  F),  the  remainder  of  the  sugar  is  adde<I  and 

diM^lved  by  agitation.     The  uhort  eontac*!  of  cold  water  with  the 

"     '      *      *    '    ^:ttsam  of  tolu   will    rw^an-ely  diKjasoIve  much   of  the 

!•!«,  and  tin?  hi-ating  t«  GO*^  C*  appnuj*  more  tippro- 
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priate  before  than  after  filtration  of  the  mixture,  as  in  the  latter  ctise 
it  si Q] ply  faeilitates  solntiun  of  the  sugar,  which  is  equally  well 
aeeomplished  in  the  cold.  If  all  the  aleuhol  be  allowed  to  remain^ 
#B  in  the  case  of  syrup  of  orange,  and  the  aqueous  mixture  l>e  set 
iMidf,  with  frequent  agitation,  Utv  six  or  eight  fiouns,  before  tiltralioo, 
ft  much  finer  flavoi-ed  syru|i  will  be  obtained,  si  nee  the  pre<en<i*  of 
5  |K*r  leut.  uf  akHjhoI  incrt-jiSi'S  the  solubility  of  the  balsamic  priu* 
eiples  iu  the  water.  In  cat»e  the  alcohol  is  retained,  the  water  and 
sugar  ordered  in  the  ottkial  forniula  must  be  retlueetl  correspondingly, 
to  450  Ce.  and  8CX)  Gm  ,  respectively, 

8.  J^rupuH  Zim/iberiit.  According  to  the  Fharmacopa'Ia,  syrup  of 
ginger  should  be  prepared  from  fluid  extract  af  ginger,  by  mixing 
this  with  precijiitatctl  calcium  phosphate^  evaporating  the  alcohol, 
mixing  the  residue  with  water,  filtering,  and  disj^olving  sugar  in  the 
filtnite.  This  docs  not  yield  a  syrup  of  decided  gitiger  mlor  or 
taste,  for  the  reason  that  the  cold  water  fails  tu  take  up  sufficient  of 
ttie  oleo- resinous  principles  remaining  with  the  calcium  phosphate,  A 
syrup  of  stronger  aroma  and  pungency  and  Ixtter  suited  as  a  flavor- 
ing agent  to  disguise  the  unpleasant  taste  of  saline  and  other  mcdi* 
dues,  may  be  obtained  by  the  following  modification  of  the  official 
formula:  Mix  20  Cc.  of  alcohol  with  30  Cc.  of  fluid  extract  of 
ginger  and  incoi'porate  30  Gm,  of  pre<;ipitated  calcium  phosphate; 
gradually  add  450  Cc  of  water  and  set  the  mixture  aside,  with  fre- 
quent agitation,  for  six  or  eight  hours  ;  then  filter  and  wash  the  filter 
with  water  so  as  Ui  obtain  500  Cc,  of  filtrate,  iu  which  dissolve 
8(K)  <ini.  t»f  sugar,  by  agitation  witliuut  heat. 

B,  Medicated  iSybups* 

1.  S^rttptui  Aeaeia%  Thrs  syrup  is  prepared  by  mixing  1  vohnoe 
of  mucilage  of  acacia  with  3  volumes  of  simple  syrup,  autl  is  pi*e- 
ferably  made  cxtemiioraneously,  owing  to  \is  tendency  to  di*terioniie 
unless  kept  in  a  cola  plaet- ;  mucilage  of  acacia  spoils  more  readily 
than  a  well-made  syrup,  and  it  is,  therefore,  of  prime  importance  tliat 
the  mucilage  be  fresh.  Each  Cc.  of  the  syrup  represents  0.378  Gm. 
of  acacia. 

2.  Stfrupu^  Acidi  Hydriodwi,  Syrup  of  hydriodic  acid  is  officially 
prepared  by  adding  a  freshly -made  solution  of  hydriotlic  acid,  c»»n- 
iaioing  potamum  hypophosphitc,  to  simple  syrup ;  it  contains  1  per 
cent,  by  weight  of  absolute  iiydrioihc  acid,  etjual  to  alxiut  0.013  Gm. 
ID  each  Cc.  The  syrup  when  freshly  made  i«  tH.»lorIess,  and  keeps 
well  for  some  time  if  preserved  in  4X)mpleteIy  filled  liKjttles,  in  a  dark 
places  gradmdly,  iocline  is  lilierated  and  the  syrup  becomes  eolor^^^h 
and  if  more  than  pnle^traw-culored,  it  should  be  rejected.  (For  further 
rtninrks,  s<?e  Ti^linc  and  its  Comjxiunds). 

8,  ^mjnm  AHii,  Syrup  of  garlic  owes  its  value  to  an  essential 
oil,  prrsi'Ut  in  the  fresh  bulbs  iu  larger  pro|>iirti<>n  than  in  th<^  dry, 
ami   readily  ixtmcteil    by   nuuvnuiun   with   diluti-d  acetii-  acid,  as 


O.J4  ril.VTRAL  J*HAl:MA*.y. 

iViTix'U-d  l>y  i]u-  Pharmac.tjufin.    Tlie  pii^r^r  must  l>edi5StJvcd  without 
heat,  ami  t-initact  wiili  nittal^  nui.st  U  avoid^tl. 

4.  S(/ruj,iix  AUh'Tif ,  111  ilie  otfirial  pn»it'?<  for  this  syrup  the  <-ut 
althipa  i.-r  first  washi-cl  with  i-<»ld  uat«T  t«'  n.m«>Vf  dust  and  foreign 
inatti  r.  an*l  then  niai^nitc-l  l*«»r  ••nt*  hour  with  wAA  wator,  to  which 
ah«»nt  s  jH-r  ^vnt.  of  al«r»hol  lia*  U^^n  ad*]e«l  as  a  ppfservative ;  the 
niixttn'f  is  lre<juently  siirrMl,  ami  rinally  <train«il  irifhout  cxftrrMtion, 
CoM  water  i>  iinf.raljle  tn  warm  wator.  as  the  latter  produces  a  thick, 
rupy  iinirilaire.  Alter  tli«'  -!i::ur  ha-  l»et  n  dissolved  in  the  infusion, 
^Myjt'nn,  to  the  amount  of  1"  jn-r  i"**!!!.  \*y  volume  of  the  tlcsirt^l 
liiiishe<l  ppNJiht.  is  addt'l  i«i  jins^rve  the  rather  unstahle  syrup.  It 
must  1m'  lue.^rrvi'd  in  i-Mm|il«tely  lilUnl  iNittles.  in  a  i-oiJ  pla«t?. 

').  Sifrnjtus  i  nlrii  ]ju'f>,^ihi*si>hn*ls.  Tilt-  tir-t  st*'p  in  the  prepara- 
tion of  \\\\<  syrup  i-  the  srtliition  of  «v.lrium  e:irU»nate  in  lactic  acid 
<lihitiil  with  wat«r,  pi'iMlneintr  •■ahiiim  la<natf :  the  addition  of  plu»s- 
pliorie  aeid  i-aiM-s  the  jin.fipilatiMn  of  eiiK'ium  phosphate,  which 
will  U'  nMii-«i.»lv*"d  l»y  ih*-  larti*  acid  and  ex^x-s*  of  phosphoric  acid 
present,  upon  tin-  turiinr  adilititm  of  waivr  If  the  pht>sphoric  acid 
l»e  <lilnt«il  with  ah'iut  twiit*  its  vnlnme  i^f  water,  Ixtore  it  is  added 
to  the  soliitit»n  <»f  iiileinm  hutate,  les>  tmuhle  will  Ik*  ex|>erieniYd, 
and,  inr»tta«l  of  foriniuL:  a  dens<'  ma^ma.  tin-  eiilcium  phosphate  will 
retli-^solvf  as  tiist  a-  tormMl.  The  arid  li'juid.  after  the  addition  of 
water,  is  tilt<*re<l,  and  to  ilie  filtrate,  orange  flower  water  and  sugar  an* 
ad^hil.  and  tin*  wln»l«*  then  -hak«n  until  ^lis-iolvtMl.  Eaeh  Cc.  of  the 
fini-JMnl  syrup  n']iri-<'nt-  ".n2oS4  <im.  of  tri-cal<*ium  phivsphate. 

♦I.  >//r"y///.v  '  'r//r/>  Advanta.:«-  i«i  takni,  in  th*-  preparation  of  this 
-vrup.  ««i"  thr  w«ll-kij«»wn  f'a«t  tiiat  -ui:ar  lai'iitly  inrn-iiscs  the  solu- 
hility  •tt'lini'-  in  \\:it«r,  and  liiis  -i»luMliiy  varies  witii  the  projKirtion 
i\\'  >ul':h'  t"  th"  w:it»  r  u-d  :  :i"'i»rdinL'  t«»  PtliL^ot,  lOO  parts  of  sutrar 
<Mii!jiiiii-l  in  •_'.')<»  pait-  «if:i«jM»'Hw  -i.»lutinn,  will  tak«*  np  26.5  partsof 
!iiii«-.  v.lill'-  th'-  -:im«'  *|ij:oiiity  "f -iiLiar  in  "jonn  part<  of  solution 
t;ik<-  'iji  "Illy  1**  pan-  •»!'  lim*-.  <'iM»i''-  liiui- shouKl  Iv  ustnl — a^^ 
r'l*-.  t'i..iiM  :iri» 'iiati-  :iiid  Mtinr  impiiriii*-  :i<  pus>il)le.  Tlic  oHicial 
-\rii|»  «i!' !:rri'-  i*  <.!' lui'^rtain  -fniejth,  tin-  IMiarmaciip'eia  not  having; 
ti\«-.|  :i  «!•  'i'rf'  jir»i|i'«i tiMii.  Km.  \vh»-ii  tW-hly  niailf,  it  nrntains  proh- 
:il»l\  n.n.;^  <  ill,.  «.!« ;i!«i"Mii  -'xid'  ill  »  \  »ry  < 'r.  The  dirti'lion  tt»  hoil 
th«-  l;!:i'-.  -iij.tr-.  :iii-i  wati-i"  tM;^»th.r  t'-r  tivr  ininiiti -i.  is  not  essential. 
«-\.'i-jii  !■.  j:tlii  tiiiii'.  t'oi-i-'iM  iria'-iniii'.u  with  friMpii-nt  a-jitation  will 
i-:oi-*-  ,iir  ■.j'l.'jllv  hirji- ;ini"imi  ot'  liiiM-  in  In- di-sulviMl ;  imt  loni^T 
tim<  i-  IP  •  • --:ii\  -|.«»— il»ly  t\\<M.r  ihrr.- ijay-.  Syrup  of  lime  chaniri'S 
viiy  r:i|'idl\  rip.ii  •  \p'.-iji«  tn  :iir,  and  *hi»nld,  tii«-refore,  i»e  kept  in 
Wf!l--'"p[i'  I-.  d  l)Mttii  -;. 

7.  >ifrnj,ny  /' ,  1/  li,iliili.  Svrup  'tt  ll-rnMi*.  imlide  is  made  hy 
addiii'/  M  hot.  fr(-*hly-pi-«p:iP«|  ^uhilioii  of  in  lidc  «if  iptn  to  simple 
-ynip.  Ihi  otliiirii  -yriip  rniit:iiii-  ahnut  in  pi-r  rrut.  i»y  wcitjht  of 
ferrou«  ii)didi\  Di*  mIhiiii  ^kMW  inn.  in  <  :if-h  <*<-.:  it  slionlil  U*  |)reserve<I 
in  Mn:itl.  roruplrti'ly-lilli-d  hotih--,  in  a  phuc  ai-4i>><i})le  io  sindiiiht. 
On  expo-iin*  to  air,  tht-  mlor  n\'  iln*  syrup  slowly  rhau;r<s  to  yellow 
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^erward  to  brown,  tlie  chau^f  of  color  prot^eeding  from  the 
uJt|HJSed  surface  downward  ;  when  such  a  change  is  noticed,  exposure 
of  the  syrup  to  direct  sunliglit  will  re.«tore  tlic  original  color.  (For 
further  ifmarks,  see  the  Uthcial  Preparations  of  Iron.) 

8*  Si/ru}/w<  Fern,  Quinincp  d  Stri/chnince  Phoap/uitum,  The  prep- 
aration of  this  syrnp  pi'esentB  no  difficulties  if  the  ofticial  directions 
be  foUowcfl.  An  aqueous  fiohition  of  soluble  phospljatc  of  iron  is 
mixed  with  phosphoric  ncid^  and  in  this  acid  licpiid  tlie  alkaloids, 
quinine  and  strvehninc,  are  diss^i^lved  ;  the  solution  is  filtered  iuto 
glycerin  and  then  niixe<l  with  simple  syrup.  Each  Cc.  of  the  syrup 
contains  O.03O  Gm,  of  quinine,  0.020  Gm.  of  soluble  phosphate  of 
iron,  and  O.002  Gm.  of  strychnine;  the  presence  of  10  per  cent,  of 
glycerin  favors  the  stability  of  the  syrup,  but  a  gradual  darken ing 
of  the  color  caunot  \>q  avoided,  although  it  may  l>e  rcturtlc<l  by 
ke<*ping  the  syrup  in  completcly-fillc<l  bottles,  in  a  dark  ptatx*. 

th  SiirupiUf  HypophmphUum.  By  this  name  the  Pharmacopoeia 
yectignizes  a  syrup  of  the  hypophospliites  of  calcium,  }>ota98ium,  and 
Bodium  flavored  with  spirit  of  lemon  ;  it  is  prei^and  by  making  a 
solution  of  the  tliree  salts  in  water,  acidulating  the  same  with  hyi)o- 
phosphorous  acid,  and  in  it  dissolving  the  sugar  by  agitjitiou.  Each 
Cc.  of  the  syrup  contains  0,045  (im.  of  calcium  hyiK>phosphite,  0.015 
Gm.  each  of  potassium  and  smlium  h3"pophosphit<«,  and  0.002  Gm. 
of  dtlute  hypophosphorous  acid. 

10,  Stfnipim  Ilppophoffphiium  tntm  Ferro.  This  syrup  is  made  by 
diiSBoIving  10  Gm,  ej\ch  of  ferrous  lactate  and  potassium  citrate  in 
1000  Cc.  of  the  preoetling  syrup ;  it  darkens  considerably  by  age, 
and  should  therefore  be  freshly  made  w^heu  wanted.  Ferrous  lactate 
ill  the  Ibrm  of  crystalline  crusts  is  the  best  of  the  commercial  varie- 
ties, and  should  alone  be  used  in  the  prejiaratiou  of  this  syrup, 

11.  Synipus  Ipecacuanhcf,  Syrup  of  i|)ecac  is  made  from  the 
Huid  extract  of  the  drag,  which  is  well  shaken  with  a  mixture  of 
acetic  at-id  and  water,  for  the  puri>ose  of  bringing  the  active  prin<'iple 
(emetine)  into  aqueous  solution  and  of  I'ejecting  those  umlesirable 
oonfitituenis  which  are  apt  t**  cause  fltx-culi  in  the  syrup;  alter  filtra- 
tion»  glycerin  is  added  to  the  clear  liquid,  and  then  the  sugar,  after 

"^fhi^^h  tJie  mixture  is  well  shaken,  until  dissolved*  Formerly,  syrup 
if  ipecac  was  likely  to  sour  in  warm  weather,  but  this  difficulty  is 
now  ubviatc<l  by  the  pretHMic*?  of  10  per  cvnt.  of  gly<*rin ;  each  Cc, 
re|)resent8  0.070  ftm.  <>f  ijMjaic. 

Pi.  Sj^rupuji  Kranirritr.  Thiiis  syrup  is  prepared  by  mixing  fluid 
extract  of  knuueria  with  simple  syrup,  in  the  proportion  of  45 
volumes  of  the  former  to  55  volumes  of  the  latter;  each  Ce.  rep- 
iT^ents  0.45  Gm.  of  krameria. 

lit.  SifrujtitJi  Lnducurii.  In  the  official  i)rot'essi  for  this  syrup, 
timi^un*  of  lactuc-ariuni  is  slowly  incorporated  with  sugar  aur!  pre- 
ctpitiited  calcium  phosphate,  after  which  water  is  udd<?d  in  small 
Driiona  at  a  time ;  the  mixture  is  then  filtered,  and  in  the  6ttnitc 
nr  i^  di§9olved  without  heat.     The  object  of  this  treatment  is  to 
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olitain  a  t'le^Tj  transpinriit  syrun,  whicli  can  i^t  adanini  u  tin*  im<*- 
ture  has  been  properly  proparea  an*l  Creed  iVom  the  caoutehouc-Iike 
Cimstitueut  pre,seut  in  tlie  drug^.  Each  Ce.  of  the  hvrijp  represents 
tlie  active  virtues  of  0.050  (jni.  of  laetucarium. 

14.  Syrupus  Pick  Liquulm.  Tar  always  tx)DtaUi6  certain  imptiri* 
ties  wliifh  are  readily  sohdile  in  cold  water,  and  these  it  is  iDteaded 
tu  remove  in  the  proceas  t>fficiiilly  directed  for  the  syrup.  Saad  is 
mixed  with  the  tar,  before  the  addition  of  cold  water,  in  order  to 
facilitate  the/  washing,  which  is  continued  for  twelve  hours  with 
frequent  stirring*  After  decanting  and  rcje*'ting  the  tir^t  lif)uid| 
boiling  distilled  water  is  addcil  to  the  purified  lar,  and  the  mixture  is 
well  stirrer!  during  filtet*o  minutes^  after  which  glytjerin  is  added  aod 
niacemti«*n  continued  for  twenty-four  houi-s,  during  which  lime  tlie 
soluble  cnn^titiieDtsof  the  tar  are  extracted  ;  sugar  is  dissolved  in  the 
ch^r  liquid,  which  ha^  l»een  de^'anted  an<l  tiltered,  with  the  aid  of  a 
gentle  heat.     Each  Ca.\  represents  the  virtues  of  0.0 7 o  Gm.  of  tar. 

15.  St/nipus  Pniui  Virf/immuT,  Wild  cherry  is  maceraUd  for 
twentv-four  hours  with  a  mixture  of  one  volume  of  elvi}*Tin  and 
two  vohimes  of  water,  during  w^hich  time  a  {HKiuliar  redaction  or  fer- 
mentation gcies  on  between  certain  constituents  of  the  bark,  resulting 
in  the  formation  of  hydrocyanic  acid,  and  a  volatile  oil  identical 
with  oil  of  bitter  almond.  Afier  maceration  the  drug  is  silowly  [»er- 
colated  to  practical  exhaustion,  and  in  tlie  jwrcolate  the  sugar  is  dis* 
solve<]  without  heat.  Enough  menstruum  sliould  Ik*  added  to  the 
powdered  <lrug  to  thuroughly  moisten  it,  and  the  j>en'olator  kept 
tightly  closed  to  prevent  loss  of  the  hydrocyanic  acid  ;  a  Xo,  20 
powder  luMug  rather  er>arse,  the  mixture  must  Ik'  very  firmly  packet!, 
so  that  the  drug  may  Ik?  slowly  exhausted.  The  presence  of  15  |ier 
cent,  by  volume  of  glycerin  will  prevent  (he  fermentative  ehmigiss 
frequently  observed  heretofore  in  the  fini^hiHl  syrup,  tUthough  at 
the  same  time  it  increases  the  extnu'tion  of  tannin  from  the  Imrk. 
The  amount  of  hydrocyani<'»«'id  present  in  the  syrup  i.%  a  very  iim?er^ 
tiiin  quantity,  ni>r  eh»c*s  it  remain  eousfant,  owing  to  exposur**  and  itH 
volatile  ami  unstable  *  luinKter, 

16.  Si/rupuH  lihti  The  ofTieial  formula  directs  a  i^oliition  of 
p(>titA8tum  cjirbonate  to  lie  added  t*)  fluid  extract  of  rhubarb,  prior 
to  its  admixtun^  with  simple  nvrup  ;  a  small  quantity  of  spirit  of  cin^ 
oauhMi  is  also  added  as  a  flavoring  agent.  TheaiMition  of  an  alkali 
prevents  the  sepiinition  of  n^sijious  matter^  l»y  retaining  the  same  to 
j^>lution,  and  thus  a  clc^sir  synip  is  obtaipwL  The  use  of  water  for 
«cjlution  of  the  pytassium  earbooate  and  the  addition  of  6  |>er  efnt. 
of  glycerin  appear  quite  unnecessary,  ginw  the  alkali  can  lie  dii»- 
soK'eti  in  a  part  of  the  sinqile  Byrupj  and  fivrup  <if  rhubarb  thiM 
pnpnre<l  kee|M  admimbly  well.  Each  Cc.  reprei^ieotfi  0.100  Gm.  of 
rhuliarb. 

17.  Syntpum  lihfi  Aronmtwui,  Aromatie  or  (foiced  syrup  of 
rhubarb  i«  made,  a«t*onlinj^  to  the  PharrsmeoiKvia,  by  mixing 
15  foltimffi  of  tJie  aromatic  tincture  of  rhubirb  with  8o  voUinicin  of 
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Hie  result  it*  a  cloudy  ^ynip,  owing  tu  in*:  suspeiisfoii 
of  i^iartially  pi"ec'ipitate<l  resinous  matter.  If  a  perfeetly  clear  syrup 
is  desireil,  it  may  be  obtaiu<:*cI  by  adding  a  small  proportion  of 
borax,  aliout  J  per  cent.,  or  5  Gm.  for  every  1CK30  CV.  of  finished 
syrup;  the  borax  should  be  dissolved  iu  the  tincture,  before  the 
addition  of  the  syrup. 

18,  Stfrupiis  Itos(t.  Tliis  pn^parntion  is  a  simple  mixture  of  1 
volume  of  Huid  extract  uf  rose  witli  7  volumes  of  syrup.  It  hna  a 
beautiful  fhI  color  and  au  agreeably  astringent  taste,  and,  although 
reckoneil  among  the  medicated  .syruju^,  is  more  frequently  employed 
as  a  flavoring  agent  for  saline  and  other  mixtures, 

19,  Sgrtipm  iJuAi.  The  official  syrup  of  blackberry  is  made  by 
mixing  1  volume  of  fluid  extract  of  blackberry  bark  with  3  volumes 
of  syrup.  It  ha.^  a  strongly  astringent  taste  and  is  of  a  deep  reddish- 
brown  color. 

20,  Syrupiis  Sarmparillce  Compoaitus,  In  the  preparation  of  this 
syrup  a  mixture  is  first  prepared  of  the  fluid  cxtrat*te  of  sarsaparilla, 
senna,  and  liquorit*e  root,  and  a  very  small  quantity  of  the  oils  of 
sai^safra^,  anise,  and  gaultheria;  thin  mixture,  after  the  addition  of 
water,  is  well  shaken  and  set  aside  for  an  hour  to  allow  separation 
of  inert,  insoluble  matter,  after  whfch  it  is  filtered.  Sugar  is  dis- 
solv-cd  in  the  filtnite,  with  the  aid  of  only  a  gentle  heat,  to  avoid  loss 
of  the  volatile  oils,  Tlie  finished  syrup  contains  very  nearly  8  per 
cent,  of  alcohol  derived  from  the  fluid  extnicts,  and  therefore  a  less 
tiuantity  of  sugar  than  most  other  syrups  The  present  official 
formula  difl'ei's  froni  tlias^*  formerly  employed,  in  omitting  guaiacum 
wcmkI  and  pale  rose  j>etals.  tjich  Cc  of  the  finished  syrup  represents 
O.2O0Gm.  of  sarsaparilla,  0.01 5  Gm.each  of  senna  and  liquorice  root, 
and  a  trace  each  of  the  oils  of  gaultheria,  anise,  and  sassafras. 

21,  Syntpui  ScilifF,  Syrup  of  squill  18  prepared  by  dissolving 
tugar  tu  vinegar  of  squill  ;  the  latter  contains  considerable  albumin- 
ous matter,  whicli  it  is  intended  to  remove  by  tlie  official  directions  to 
boil  nud  filter  the  liquid  before  the  addition  of  the  sugar,  t  )u  account 
fif  thr  very  add  character  of  the  preparation,  contact  with  metallic 
vessels  should  lie  avoided.  Each  Cc.  represents  tlie  a<'tive  virtues  of 
0.045  Gm.  of  squill. 

22,  Si^ntjfHM  Sci/kt  CompoHltu^.  Com|>ound  syrup  of  squill,  also 
N>hl  under  tlu*  name  of  hire  fft/riip^  is  matle  from  the  fluid  extracts* 
of  ftijuill  and  s<^*ut*y:a,  as  fnlhjws  :  The  two  fluid  extracts  ar^  mixtxl, 
e\^ix>rated  on  a  water-bath  to  about  half  their  bulk,  and  then 
mixed  with  water;  when  coUl,  the  liquid  is  intimately  mixed  with 
precipitated  calcium  phosphate  and  filtered,  to  remove  f>ectin  c*om* 
pound.-%  and  albumin(»us  matter,  which  are  otherwise  likely  Ut  \msB 
throu^di  the  filter*  If  neccsBary,  the  liquid  should  be  retuitud  to 
the  filter  until  it  passes  throu^li  pt'rfectbf  clear.  To  the  clear  filtrate 
is  added  a  definite  quantity  of  tartar  emetic,  previously  dia^solved  in 
hot  water,  and  then  the  j)rcscriUd  quantity  of  su^ar,  which  is  dis- 
solved without  heat,     Kach  Cc,  of  the  syrup  contains  0,002  Gm.  of 
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autimoDy  and  potassium  tartrate  and  the  active  principles  of  0.080 
Gm.  each  of  squill  and  senega. 

23.  Syrupus  Senegce.  Syrup  of  senega  is  made  by  dissolving 
sugar  in  fluid  extract  of  senega  previously  diluted  with  water. 
Senega  is  rich  in  pectin  compounds,  the  separation  of  which,  iu 
liquid  preparations  of  the  drug,  is  avoided  by  the  presence  of  alkalies. 
Fluid  extract  of  sen^a  contains  5  per  cent,  of  ammonia  water,  and 
the  Pharmacopoeia  recommends  a  further  addition  of  2 J  |)er  cent., 
before  diluting  the  fluid  extract  with  water.  The  mixture  is  filtered 
after  standing  three  or  four  hours,  and  in  the  dear  filtrate  the  sugar 
is  dissolved  without  heat.  Each  Cc.  of  the  syrup  represents  0.200 
Gm.  of  senega. 

There  api>ears  to  be  no  objection  to  preparing  the  syrup  as  wanted, 
by  mixing  one  volume  of  fluid  extract  of  senega  with  four  volumes 
of  simple  syrup,  this  mixture  keeping  equally  as  well  as  the  former 
more  tedious  prc})aration. 

24.  Syrupus  Senncc,  The  official  process  for  making  syrup  of 
senna  consists  in  preparing  a  strong  infusion  of  the  leaves,  mixing 
this  with  alcohol  and  oil  of  coriander,  removing  the  precipitate  by 
filtration,  and  in  the  filtrate  dissolving  the  sugar  without  heat;  each 
Cc.  represents  the  virtues  of  0.250  Gm.  of  senna. 

Long-continued  digestion  of  senna  U^ves  at  (jO®  C.  (140®  F.),  as 
directed  in  the  Pharmaco})ODia,  is  of  no  advantage,  as  the  cathartic 
principles  can  be  extracted  in  less  time,  and  long  maceration  brings 
an  undesirable  amount  of  gum  into  solution ;  digestion  for  six  or 
eight  hours  is  no  doubt  sufficient  when  followed  by  expression  and 
a  further  treatment  of  the  dr(»gs  on  the  strainer  by  j)ercolation  with 
hot  water.  Solution  of  the  sugar  in  the  clear  liquid  is  greatly  facil- 
itated bv  placinjr  a  well-corkcnl  l>ottle,  containing  l)oth,  in  a  moder- 
erately  warm  water-bath  and  asritating  frequently.  The  gummy 
matter  is  precipitated  upon  the  addition  of  alcohol,  and  some  time 
must  be  allowtHl  for  complete  separation  of  the  precipitate,  other- 
wise subs^Mj  u(  mi  t  filtration  of  tho  liquid  will  be  difficult;  the  clear 
licpiid  is  decantwl  and  the  remainder  filtered,  the  filter  being  washed 
with  water. 
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MUCILAGES,  HONEYS,  AND  GLYCERITES. 


Mucilag'Bs. 

Tll£  preparations  recognized  in  the  Pharnmc^opceia  under  this 
name  are  viscid  adhesive  liquids  formed  by  solution  of  mucilaginouB 
principles  in  water  ;  with  one  exception  they  are  unstable  and  readily 
umler^o  putrefactive  changes  in  ^va^nl  weather,  hence  they  should 
be  freshly  prepared  wlien  wanted.  The  four  official  mucilages  are 
those  of  acacia,  sassafras  pith,  tragacauth,  and  eira. 

Mnciliigo  AvaciiT,  The  Pliarmacopti^ia  recommends  that  acacia 
be  >vashed  with  coltl  water  before  it  is  brought  into  solution,  for 
the  purpose  of  removing  foreign  matter  often  adhering  to  the  outer 
surface.  The  official  formula  will  produce  quite  a  viscid  liquid  con- 
taining 34  per  cent,  of  acacia^  each  Ce,  representing  0.378  Gm. 
Owing  to  the  fact  that  the  solution  of  acacia  becomes  denser  as  it 
progi"e?ses,  stirring  or  agitation  of  the  mixttire  will  i>e  found  some- 
what difficult  towaixl  ttje  end  of  tlie  procesit,  and  solution  can  be 
more  readily  efia*ted  by  what  is  known  as  circulatory  distplacement 
(see  page  114),  that  is,  the  suspension  of  the  washed  acacia  in  the 
water,  in  a  bag  of  loosely  textured  cloth,  to  be  tx?casionally  moved 
about  in  the  liquid  so  that  fresh  (tortious  of  the  water  may  continu- 
ally displace  the  solution  formecl,  and  thus  complete  solution  be 
more  rapidly  effected.  Pieces  of  clear,  white  acacia  should  be 
selected  for  the  mucilage,  which,  when  made,  should  be  preserved  in 
completely  filled  bottles,  in  a  cool  pta^r, 

Mu^ihgo  Sajmtjrtts  Medulltr.  Alucilage  of  sassafras  pith  is  made 
by  macerating  the  |>itli  in  cold  water  for  three  hours  and  then  strain- 
ing ;  thr*  mixture  should  l>e  kept  in  a  covered  vessel  and  occasionally 
stirn'il  with  a  glass  nnl.  Each  Cc.  represents  0,02  Gra.  of  sassafras 
pith. 

MurUmjo  Tratjiiainthtr.  Tlie  official  directions  for  preparing  mucilage 
of  traga<*antii  iire,  t<i  add  the  tragsicanth  to  a  boiling  mixture  of  glycerin 
and  water  and  tlicu  macerate  for  twenty-four  hours,  with  frequent 
stirring;  after  the  addition  of  more  water,  the  mass  is  beaten  to  a 
uniform  cousistenc*^  and  then  forcibly  express<^l  thn»ugh  muslin. 
Mncihige  of  tragacanth  forms  a  somewhat  opaque  semi-lifpiid  jelly 
containing  6  f)er  cent,  of  tragjiainth;  the  preseuce  of  18  jxt  cent,  nf 
fflyoerin  prevents  dtxx)m|xiflition,  Tragacanth  is  only  partially  soluble 
in  water,  but  alii^orbs  the  latter  and  swells  to  a  gelatinoid  masA. 

Mucilago   IJlmi,     Mucilage  of  elm,  although  still  recx^ijcai  in 
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ilm  Pltarfnrn'oprj^ia,  is  but  very  mrely  prepared  by  pharmacists;  iho 
oflicial  din*e(ions  are  to  add  6  GriL  of  bruised  cini  to  100  CV.  of 
w'iiUT  and  dif^est  for  one  bour,  in  a  eoA^Ted  vessel,  on  a  water-batli, 

,  Wueilu^e  «»f  ebu,  like  that  of  sassafnia  pith,  spoiU  very  readily,  aud 

laboiild  Im^  frtishly  made  wheu  wauteil. 

Honeys. 

Clarilied  honey,  or  Mel  Despuraatum  of  the  Pharn)acop«eiii,  is  prt*- 
parenl  \)y  mixing  Ijoiiey  with  2  per  wnt*  of  its  weight  of  |iaper-puip 
and  heating  the  mixture  on  a  wator-lnith  as  long  as  any  scum  rises*  to 
the  KurlUff*;  the  seiim  is  carefully  removed  with  a  skimmer  and  ftuf- 
fie^ient  distilled  water  a<hled  to  restore  loss  by  evaporation,  after  which 
tii*'  mixtum  is  strained  and  5  per  cent,  of  its  weight  of  glycerin  is 
addnl  to  the  strained  liquid,  t«>r  the  purpose  of  lietter  prt»servatiou. 

MiHliratfHJ  honeys  are  .simply  mixtures  of  clarified  honey  with  cer- 
tain m(*<licinal  agents,  and  are,  as  a  rule,  prepared  exieniporaneously. 

Only  one  me<lieatal  honey  is  recognized  in  the  Pharmac*o}K©ia, 
namely,  Mel  Ri)S£e»or  honey  of  rose,  wdiich  is  made  by  mixing  fluid 
fxtnict  of  iTJse  with  clarified  honey,  in  such  proportion  that  the 
linirthed  [iroduet  shall  contain  the  astringinit  virtui^  of  12  Gm,  of 
rojie  petals  in  every  100  Gnr;  this  is  about  equal  to  a  mixture  of  12 
Ck?.  of  fluid  extitujt  of  rose  with  64  Cc.  of  clarified  honey. 

Qlycerites. 

This  viduable  class  of  preparations  consists  of  solntiona  of  the 

»  '  il  agents*  in  gly<'eriu:  they  are  permanent  and  an*  readily 
I  with  water  or  ahsjhol.     Of  the  official  gly<Mfrites,  five  are 

liquid  and  oim^  solid. 

(Jfi/cfrifnm  Aeidi  Oirholwt,  Tliis  glycerite  is  conveniently  nre^ 
pfin*il  l*y  plac*ing  cry^talli/XHl  c^arlMilic  acid  and  glycerin  together  in  a 
(  '  '  k  <liiih  and  warming  the  mixture  on  a  water-lmth  until  jht- 
I  lion  is  eneotml ;  eit*'li  <lm.  of  the  finislied  glycerite  nq)res*'nts 

O.«o  iitu,  of  carlH>lic  acid,  which  in  et^ual  to  about  110  gmins  in  oti« 
flu  id  on  nee. 

(jUvceritHm  Aei^U  Tannici  Although  tannin  is  jterft^ctly  soluble 
in  mid  gtyei*rin.  the  iKiIution  of  so  large  a  pmportion  as  dire<^t4*tl 
in  the  itlfh  i«l  glytrrite  is  best  effectetl  by  the  aid  of  heat;  contact 
l^ith  nn^hdlir  v^  '     carefully  avoided,  and  the  tnunin  and 

nvrin  should  1  mixeil  with  a  glass  rod  before  heat  is 

\]\in\.     When   w»iut(iUi   is  completed,  a  deep  green,  transparent 
lid  re^ullw,  whieJi  **hould  be  etraine*l,  while  still  warm,  through 
iineJ  or  a  ph^Iget  of  ciUton.     Cilycerite  of  tannin  contaioH  20  per 
Ot.  of  !  -r  alxMit  OMH)  Om.  in  each  Cc.,  whioh  is  equal  to 

[mutt  1:  in  otw  fluidotmce. 

(,  A$n*jti^     T tie  official  d i ret -t i on *«  f^>r  p Heparin g  c 

fif  .k  fH  <iir  In  |»artn  '>f  ^-tnn  li  witli  10  purt^  «>f  w  i 


80  jiarf8  of  glytx?rin,  ta  a  homogeneous  mixture,  and  then  apply  a 
gnulually  increased  heat  until  a  translucent  jelly  is  formed.  As 
[fitareh  usually  occurs  in  luraps,  it  is  necessary  to  first  rub  it,  in  a 
mortar,  into  a  fine  powder,  which  should  l>e  transferrctl  to  a  porcelain 
capsule,  aud  then  mixed  with  the  water  and  glyc*?rin,  so  a;?  to  avoid 
loss,  which  is  unavoidable  if  the  mixture  be  made  iti  the  mor- 
tar; heat  must  be  applied  eautiotisly  and  tfje  mixture  constantly 
Btirred  with  a  thick  glass  rod  or  a  wooden  spatula,  to  avoid  scorching 
and  consequent  discolonition.  The  liquid  gradually  thickens  m  the 
heat  is  increased^  and  the  entire  diBapi)earance  of  white  spots  indi- 
cates perfect  solution*  The  high  heat  indicated  in  the  official  for- 
mula  is  nece&sary  to  eifect  the  rupture  of  the  starch  granules,  without 
which  solution  of  the  starch  cannot  take  place;  to  insui'e  uniform 
beating)  w^ire  gauze  should  invariably  be  interposed  between  the 
capsule  and  the  flame.  Olyccrite  of  starch  is  hygroscopic,  therefore 
it  must  lx>  preserved  in  tightly  closed  jars,  so  as  to  avoid  contact 
with  air. 

G  fi/cerilii  m  Boroglycerin  i\  T  he  pre  para  t  i  o  n  of  t  h  i  s  gly  ce  ri  t  e  i  n  v  ol  vea 
first  the  productictn  of  boroglycerin,  known  also  as  boroglyceri<le  or 
glyceryl  borate, and  S{^ci>ndly,thesolutionofthiscouipoundin  glycerin. 
Wlien  boric  acid  and  glycerin  are  heated  together  to  about  150°  C. 
(302^  F.),  chemical  action  sets  in,  water  being  given  olf,  while  a  new 
compound,  glyciTyl  borate,  is  formed,  which  upon  cooling  is  obtained 
as  a  imn.Hpai'ent,  almoist  colorless  and  very  hygroscopic  maKs ;  the  mix- 
ture must  btf  frequently  stirred  to  break  up  the  constantly  forming  tilm, 
and  care  must  Ik*  observed  that  the  heat  prescribed  he  neither  ex cetxkd 
nor  continued  longer  than  uctc^<sar}%  so  as  to  avoid  a  yellowish  or 
brovmish  coloration*  Thirty-one  [)arts  of  boric  acid  and  46  fwirts  of 
glycerin  will  unite  to  form  50  parts  of  glyceryl  borate:  hence  in  the 
official  prijcess  the  rea(/tion  is  known  to  l>e  complete  w^hen  the 
weiglit  of  the  mixture  has  been  reiluctd  to  500  Gm,;  then,  while  still 
hot,  an  equal  weight  of  glycerin  is  added  and  thoroughly  incorporatetl, 
th»is  making  a  50  per  cent,  solution  of  Iwroglycerin.  Each  Cc.  (con- 
tains about  0.683  Gm.  of  boroglyccTin,  which  is  equal  to  about  312 
grains  in  a  fluid<iunec. 

(ilifci'ritiun  Uythagth.  In  the  official  process  for  glyoerite  of 
hydrastis,  the  finely  jKiwdciTd  i\)ot  in  exhausted  with  alcuhol  by  per- 
colation, the  re?»ulting  tincture  mixed  with  water  and  the  alcohol 
removed  by  distillation,  in  order  to  precipitate  the  resinous  tuatter ; 
af\er  dilution  of  the  residue  with  more  water,  the  mixture  is  set  aside 
for  twenty- fotir  hours  and  then  filtered,  the  filter  l>cing  washetl  with 
water.  To  the  filtrate,  an  equal  volume  of  glycerin  is  addtd  and  the 
whole  thoroughly  mixed,  Kiich  Cc.  of  the  fi nishe<l  glycerite  rcpre- 
Bcots  0.500  Gra.  of  hydrastis,  or  a  fluitlountr  contains  about  228 
gmins. 

According  to  Prof.  Lloyd,  the  lie^t  results  will  Ik*  obtaine<l  if  the 
official  dinY'tiHos  be  nunlifi*"*!  to  the  extent  that  the  al col lolic  tincture, 
without  the  uddititM)  of  wiitcr,  be  «xmcentratt*il  to  a  5yru[>y  cx>nsistenoo 
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by  dUlillation  or  otherwise,  aod  then  poured  into  ice-cold  water 
equal  in  quantity  to  one-half  the  weight  of  drug  used  ;  the  soft,  oily, 
resinous  matter  separates  readily  and  can  be  removed  by  filtration 
after  a  few  hours'  rest.  The  filtrate  must  be  brought  to  a  volume  of 
600  Cc.  for  everj-  1000  Gm.  of  drug  operated  upon,  by  washing  the 
filter  with  cold  water,  after  which  the  glycerin  is  aidded  and  the 
mixture  shaken  thoroughly. 

This  glycerite  is  chiefly  intended  to  furnish  a  fluid  preparation  of 
bydrastis  which  shall  be  miscible  with  w^ter  in  all  proportions  with- 
out precipitation. 

Glyceritum  Vitelli.  Glycerite  of  yelk  of  egg,  or  glyoonin,  is  a 
mixture  of  45  parts  of  yelk  of  egg  and  55  parts  of  glycerin,  of 
about  the  consistence  of  honey,  which  will  keep  for  a  long  time  if  pre- 
served in  well -stoppered  l)ott]os,  so  as  to  prevent  the  absorption  of 
moisture  from  the  air.  In  order  to  obtain  a  satisfactory  preparation* 
the  yelk  of  egg  should  be  carefully  separated  fn>m  the  albumen,  and 
the  membrane  enclosing  the  yelk  then  ruptured,  so  that  only  the 
pure  yelk  may  be  weighed  ;  the  glycerin  should  be  added  gradually, 
with  c<jnstant  trituration. 


CHAPTER    Xyill. 


ELlXrBS. 


The  word  "  elixir"  is  Siud  to  be  of  an  ancient  origin,  and  derived, 
'ik^eording  to  Dv.  Charles  Rice,  from  two  Arabic  words,  pronounced 
a/'ibflr  ;  the  Arabic  ik»ir  comes  from  the  Greek  word  ^vptov^  mean- 
ing a  dry  powder,  snch  as  was  used  for  dusting  Avounds.  For  a 
■  long  time  the  wonl  was  applinl  by  aleliemists  to  the  won- 
derful transformation  powder  used  in  the  supposed  con\ersion 
of  bfiee  metals  into  silver  and  gold.  Later  on,  the  terra  was  also 
appliei]  to  liquids,  and  used  to  designate  certain  corapoimd  tinctures, 
for  which  rare  medicinal  properties  were  claimed.  In  this  latter 
sense  the  term  elixir  is  still  used  to  some  extent  in  Continental 
Europe,  and,  as  a  rule,  sncli  pre|)ai"ations  are  characterized  by  an 
unpleasant  ta&te.  In  modern  Araerit?an  pharmacy  the  word  has 
3ine  to  mean  an  entirely  ditferent  chi>s  of  preparations,  the  distin- 
'guishing  features  of  which  are  a  pleasantly  aromatic  sweet  taste,  and 
the  presence  of  alcohol  varying  in  proportion  from  20  to  25pertTnt. 
by  volume.  Prior  to  1865»  only  two  elixirs  of  this  kind  were  used 
to  any  extent  in  this  country— namely,  Elixir  of  caiimya  and  Elia-ir 
^qf  ammonium  valerinnaie  ;  but  through  the  efforts  of  enterprising 
( manufacturers  the  list  was  rapidly  augmented  and  renrhe<l  its  height 
between  1870  and  1875.  A  reaction,  however,  gradmilly  set  in,  and 
at  the  present  day  many  once-popular  elixirs  have  fallen  into  disuse* 
There  can  be  no  doubt  that  a  sweet,  aromatic,  and  slightly  alcoholic 
liquid  forms  a  pleasant  vehicle  for  many  remedies,  but  the  presence 
of  25  per  cent,  of  alcohol  may,  in  some  ins^tances,  be  positively  in- 
jurious, and,  moreover,  the  active  ingredients  are  freiuiently  present 
in  such  small  quantities  as  to  render  the  medicinal  value  of  the 
pitj>ara tion  <lou  hi i\\  1 . 

Tht*  Amerii'an   Pharmaceutical   Association,  in   ortler  to  secure 
uniformity  in   the  composition  of  the  many  elixirs  disfiensed    by 

Sharraacists,  lias  publislied  a  series  of  86  formulas  for  elixirs,  in  the 
mtiomd  Formulary,  This  book  was  iBsucxl  in  1888,  an<l  a  revised 
edition  ia  shortly  to  apy^ean  Another  scries,  containing  about  275 
formulas  for  elixirs  and  many  valuable  ilinxlions  in  manipulation, 
was  published  by  J.  U.  Lloyd  in  1H92,  under  the  title  Elixirs  and 
Flavorhiff  Krtrfjvts,  Many  elixirs  can  lx»  prepared  ex  tempo  raneonsly 
by  simple  solution  of  the  UKMlirlnal  ingrcflient  in  the  dt^sired  vehicle  ; 
Sy  for  instance,  the  elixirs  of  the  alkali  bromidrs,  citrates,  f-alicylate-», 
'  and  liy|K>pho8phite«,  elixir  of  py  rophtisphate  of  iron*  elixir  of  gentian, 
both  ftimpic  and  fernitctl,  etc. 

It  is  ohcn  deairable  to  im|)art  color  to  an  elixir^  but  i«!ncc  not  all 
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coloring  agents  are  equally  well  suited  for  acid  and  alkaline  liquids, 
it  become??  necessary  to  exercise  proper  tliscretiou*  For  acid  or 
neutral  liquids  the  National  Formulary  roc^omruends  either  the  sim- 
ple or  compound  tincture  of  cudbear,  the  former  for  a  l>right-re«l  and 
the  latter  for  a  brown ish-rcil  tint ;  of  cither  tincture,  two  fluiilrachms 
will  sufTK-e  to  color  a  pint  of  elixir.  For  alkaline  liquids^  such  aa 
elixir  uf  amniuuinni  valerianato,  the  coloring  agent  should  be  a  solu- 
tion of  caruiine,  which  is  best  prepared  with  the  aid  of  ammonia 
water;  the  Xaihnal  Formuhrtf  furni§he-s  a  satisfactory  formula  for 
tlje  same. 

The  Pharmaca?pia  n^.^ognizes  only  two  elixir8 — namely,  aromatic 
elixir  and  elixir  of  pho^pliorus ;  the  former  is  simply  a  convenient 
vehicle  or  base  {ot  the  prcjiaration  of  many  other  elixirs,  and  has 
the  following  vc»Uime  percentage  (Mjmpoaition  :  volatile  oils,  0*33 
per  cent;  demloriaed  alcohoU  24.67  j)er  cent;  syrup  and  distilled 
water,  each  37.6  per  f*cnt.  On  account  of  the  turbidity  caused  by 
the  sobition  of  the  oils  when  mixerl  with  the  aqueous  liquid,  the 
addition  of  precipitated  ailciuin  phospliate  iKvomes  nect«sary;  if  the 
tnixture  be  then  well  ^-liaken,  a  clear  filtrate  can  at  ouee  be  obtained. 

Elixir  of  phosphoruif  contains  0.00025  Gm.  of  phosphorus  in  each 
Cc,  and  also  55  per  cent,  by  volume  of  glycerin  ;  since  phut^pborus 
is  very  i^eadily  oxidizetl,  the  elixir  should  not  be  made  in  large 
qnantities^  and  should  be  preserved  in  well-filled,  tightly-stop|>ered, 
dark  bi»ttleM.  By  folio wiug  the  |»lianuaL*'qHjeial  direc'tions  exactly,  a 
clear  8olution  can  readilv  lx»  made. 


Coicfo«rnoK  of  OrrtciAL  Elixirs. 

"  Corapouml  Sp  I  (it  of  Orange    12  Gc 
Elixir  Aromaticuin 


Eiirir  I'hrii^phnrt  . 


Dei»uurueti  Alwliol 
Svrui* .         .         .         . 
L  Dinilled  Wal^r  . 

r  Spirit  of  Phoj^phorurt  . 
i   Oil  of  AnLae 

<rtvrerill 

[    Ar'niisitic  EUxir 


It  in  not  within  the  scope  of  this  work  to  furnish  numeroua  form* 
u\an  for  elixirs,  but  there  are  two  elixin*  which  are  deserving  fif 
special  eonsideraiion,  because  they  have  been  the  8*>uree  of  much 
vexation  to  pbarmaci«*ttt ;  these  are  the  elixir  of  the  phosphalcii  of 
iron,  quinine,  and  Mrychnine,  and  the  elixir  of  pepsin,  bismuth,  and 
strychnine. 

Elixir  f'  'ftnwPIr      ■  ^  Whih  p. 

aratlonwa^i  lie  audi  <   tlu'Lt' ]>i     ^      ■>'.% 

very  few  manutaftnrers  make  thivS  claim  for  their  preparatmn,  and  the 
published  formnlaa  simply  direct  the  ime  of  plnrnphate  of  irtm  with 
the  pun*  alkaloids,  or  the  Hulphntes  or  hydrochlorides,  of  fjuiutneand 
strychnine.     Some  of  the  t-^ni  '    '<»r?*  of  the  above  name  form 

ilesvr  mix tnriii  with  wati^r ;  it  ijs  effort ?»  have  been  mtbde 

to  pn*{)iire  an  elixir  which  shall  Ik*  |irrnmneut  at  all  tempemtar^es. 


Euxnui 
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aod  misdble  with  water  in  all  proportions,  Waut  of  uniforraity  in 
strength  is  another  nu fortunate  feature  in  the  many  elixirn  of  phos- 
phate of  iron,  quinine,  and  stryehuine  rlis^peused  by  pharmacists ;  some 
contain  twice  a^  nim'h  iron  and  quiaine  as  others,  and  tU^  amount 
of  strychnine  varies  still  more. 

As  a  rule,  the  elixirs  of  phosphate  of  iron,  quinine,  and  strychnine 
prescribed  by  physicians  and  offen^l  for  sale  by  manufacturers  are 
supposed  to  be  of  one-half  the  strength  of  Easton*s  syrup,  and  to 
contain  in  each  fluidraehm  1  gmin  of  phosphate  of  iron,  i  grain  of 
phoi*phate  of  quinine  and  ^^|-  ^rain  i>f  phosphate  of  strychnine.  This 
strength  has  also  recently  (1894'k  l*een  adopted  by  the  Amerimn 
Pharniaceutieal  Association,  altbou|rh  the  formula  of  the  new  Na- 
tional Fonmiianf  (revi^ied  edition)  will  direct  the  quinine  and  strych- 
nine to  Ije  hehl  in  solution  asalkatoitls,  and  not  as  jiho^^phatcs.  Some 
of  the  elixirs  of  phosphate  of  iron,  quiuinc,  and  strychnine,  made 
with  pure  alkaloids,  form  turbid  mixtures  with  small  quantities  of 
water  (1  or  2  volumes),  but  btH-ome  j>erfeetly  clear  if  more  water  be 
added  (8  voUmies);  this  is  particularly  the  ease  with  those  containing 
an  additional  amount  of  simple  syrup  or  some  glycerin*  Of  the 
various  fornmlas  in  use  for  this  class,  the  following  furnishes  a  very 
satisfactory  light-colored  (yellowish -green)  preparation  : 

Take  of 


Soluble  Phofiphnte  of  Iron  (U  S.P. 

Qtiinifie,  alkaloid 

Strychnine,  alkaloid 

Alcohol    . 

Simple  Sjmp   . 

Distilled  Water 

Aromatic  Elirir,  ftiiilieienl  to  make 


128  gn.iJi% 
I'll      ♦• 

.»        it 

2  f!uidouQc6B. 
2  ** 

16 


Dissolve  the  alkaloids  in  the  alctihol,  add  the  nyrup,  and  then  8 
fluidounces  of  aromatic  t^Iixir.  DiJ^sulvethe  iron  salt  in  the  distilled 
water,  by  aid  of  a  gentle  heat  (neutralising  the  solution  with  am- 

Linonia,  if  necessary),  mix  with  the  alkaloidal  solution,  and  add  suf- 
ficient aromatic  elixir  to  bring  the  total  volume  up  to  16  fluidounces. 
If  an  elixir  is  desired  containing  the  quinine  and  strychnine  n% 
phosphates,  in  tHTfect  solution  with  the  phosphate  of  iron,  and  yet 
not  unpleasantly  acid  (for  a  largts  excess  of  phc»sphoric  acid  will 

f«ccomplif«h  the  ptirpovse),  some  other  8ul>stance  must  be  addtnl  which 
ihall  prevent  precipitation .  After  numerous  experitnents  I  have 
fotmd  imunonium  acetate  to  produce  the  In^t  n^sults  and  to  yield  an 

Fflixir  whielj,  even  if  made  of  double  the  stated  strength,  retnains 
clear  at  a  freeziutr  teniperattire  and  mixes  clear  with  water  in  all 
prii|Ktrtions.  The  very  small  proportion  of  ammoniimi  ai'etate  re- 
ipiiri^l  is  not  in  any  way  hurtful,  and  need  not  be  consi<lered  any 
more  than  tlie  alkali  citrate  in  the  soluble  phosphate  of  iron. 

All  elixir?*  containing  soluble  phosphate  of  iron  will  darken  mate- 
rially if  exjM>sed  tti  light,  and  particularly  that  made  by  tiie  following 

I  formula :  heut^*  ihcv  should  Im*  |jn*sfrved  atid  dls^iJCus^Hl  in  aml»er- 
txilored  IkihIcs. 
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Take  of 

Soluble?  PhoBplmte  of  Iron  (I  Xi 
C Quinine,  nlkaJo'nI 
f?try<^iiiine,  alkHloid 
Phosphoric  acid.  85  |3er  ccDi 
Acetic  Acid,  30  |H?r  cent. 
Ammonium  C^rboDtite 
Alcohol    . 
IHMill^-il  Water 


15  minims* 
J -5  grains 
71     ** 
1  tiuidotincc. 


Anjmnlic 


IVHter  I  of  e.rh  a  ..ifficiujC  MUW.tily  to)    ,«  fluid„u„(„ 

hlixir  i      tnnke        ,         .         .         «         .J 


Dissolve  Uie  quinine  and  strychnine  in  the  alcohol,  add  0  fluid* 
ounces  of  aromatic  elixir,  ami  tliru  the  phosphoric  acid*  Add  the 
ammonium  airbouate  to  the  arctic  acid  containtxl  in  a  beaker  or 
graduate,  and  when  the  gohition  is  complete,  add  enough  distilled 
water  to  bring  the  volume  up  to  6  tluidraehius.  Mix  ihe  ammo* 
nium  acetate  solution  with  the  Bolution  of  cjuiniiie  and  Btrychnine 
pho«9phatcg^  and  sidd  enough  aromatic  elixir  to  make  the  liquid  meas- 
ure 14  Huidcjuncts.  l>ii?solve  tlie  irou  scale  cialt  in  J  fluidount^  of 
distilkKl  water  by  the  aid  of  a  gentle  heat,  and  if  the  solution  \ye 
acid  to  test-pu|M?r,  neutralize  exactly  with  ammonia  water,  and  add 
enough  aromatic  elixir  to  bring  the  volume  up  to  2  fluidouncea. 
Finally  mix  the  two  solutions. 

This  preparation  conforms  in  strength  to  ihat  claimed  for  the  ma- 
jority of  the  elixirs  otTered  on  the  market,  containing,  in  each  fluid- 
drachm^  1  grain  of  phcjsphate  of  iron,  and  J  grain  of  quinine  and  ^^ 
grain  of  strveh nine,  ijoth  in  cominoatitui  with  plu^Bphtirle  acid.  If 
ail  elixir  of  twice  tlie  sta^itgth  Ihi  desired,  it  csiu  be  readily  obtained 
by  doubling  all  the  iugrcdieots  except  the  aromatic  elixir. 

With  some  samples  of  soluble  plu>sphateuf  iron,  a  slightly  increased 
qtiantity  of  tlie  ammonium  acetate  stUution  may  be  necessary,  possi- 
bly owing  to  a  loss  of  water  and  consequent  relative  increttae  of  the 
proiH»rtinn  of  the  iron  salt. 

Elixir  Pepsinij  Bismuihi  et  Stiychninct^  One  of  the  chief  diifieulties 
in  e<innection  with  this  elixir  has  l>een  the  preparation  of  a  neutral 
liquid  which  shall  permanently  retain  all  three  of  the  active  ingre- 
dients in  Nilution.  Pei>sin  is  active  only  in  acid  fluids,  and  its  action 
is  inhibitA^l*  and  in  tlie  c<3ursc  of  time  deslroyecK  by  alkalies.  The 
official  bi*imuth  and  ammoniiun  citrate  is  not  a  very  stable  «H)m- 
pound,  and  although  p<Tfixlly  s<jluble  when  fresldy  prt^jwmnl,  in 
plain  water,  it  Ioh^ts  this  proiM'rty  in  time,  owing  to  decom|K»sition  of 
the  ammonitnn  citrate ;  in  alkaline  li^piids  it  ri*tain»  its  solubility, 
btit  an  alkaline  flui<I  will  not  only  interfere  w*ith  tlu-  |M*[>sin,  but  may 
9lm  throw  the  strychnini'  out  of  solution.  TIm'  bi-^t  that  has  ht^n 
aocouiplishtH.1  tlius  far  has  lH%*n  a  neiitml  solution  of  tht*se  three 
■ctive  ingreilienta— of  doubtful  stability,  however,  and  likely  to  lote 
the  bisnmih  Milt  by  {inTif citation. 

Sine*'  pliyHi»'ian"4  di^ire  and  extensively  pres<irihe  the  elixir  of 
pifpnin,  bif*muth,  and  i^tryehnine,  it  Utx^mes  the  duty  of  the  phar- 
macist t(»  *^o  nreptm«  it  tluit  a  (permanent  s<>lution  shall  reaolt; 
ihtt  ean  only  in*  done  with  a  liquid  of  acid  reaction.     In  1888,  the 
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late  R.  Rotber  called  atteDtion  to  a  permanent  solution  of  bismuth 
and  sodium  tartrate  of  acid  reaction,  and  suggested  its  use  in  place 
of  the  bismuth  and  ammonium  citrate.  I  would  recommend  the  fol- 
lowing formula,  which  I  have  found  to  yield  an  unexceptionable 
preparation  : 
Take  of 

Pepsin  in  scales  (U.S.P.  standard)  ....  64  grains. 

Strychnine 2     " 

Tartaric  Acid 2    " 

Distilled  Water 4  fluidounces. 

(ilycerin 2  " 

Olycerite  of  Bismuth  and  Sodium  Tartrate     .         .  2  ** 

Caramel 4  drops. 

Aromatic  Elixir 8  fluidounces. 

1.  Dissolve  the  pepsin  in  a  mixture  of  1  fluidounce  each  of  glycerin 
and  water.  2.  Dissolve  the  strychnine  with  the  tartaric  acid  in  2 J 
fluidounces  of  water,  and  add  the  balance  of  the  glycerin,  the  bis- 
muth solution,  the  caramel,  and  the  aromatic  elixir.  3.  Finally,  pour 
the  pepsin  solution  into  the  other  liquid.  In  place  of  the  pepsin  a 
corresponding  quantity  of  glycerite  of  pepsin,  free  from  mineral  acid, 
may  be  used,  and  in  that  case  the  water  and  glycerin  must  be  reduced 
accordingly. 

This  prejMiration  contains  J  grain  of  official  pure  pepsin,  2  grains 
of  bismuth  and  sodium  tartrate,  and  ^  grain  of  strychnine,  in  each 
fluidrachm. 

The  glycerite  of  bismuth  and  sodium  tartrate  referred  to  in  the 
above  formula  can  be  prei)ared  as  follows : 

Take  of 

Bismuth  Subnitrate 1142  grains- 
Nitric  Acid ly  fluidrachms 

Tartaric  Acid 1720  gniins. 

Sodium  bicarbonate 1954     " 

(ilycerin 8  fluidounces. 

I)istilled  Water        ...  .         .        a  suflicient  quantity. 

Dissolve  the  bismuth  salt  in  the  nitric  acid  previously  diluted  with 
10  fluidrachms  of  water;  to  the  solution,  slowly  add  IG  fluidounces 
of  water.  Now  add  860  grains  of  powderi^d  tartaric  acid,  and  then, 
gradually,  977  grains  of  sixlium  bicarbonate.  Dilute  the  magma  of 
bismuth  tartrate  with  tV2  fluidounces  of  water.  Set  the  mixture 
aside  for  five  or  six  hours  and  wash  by  d(K?antation  and  repeated 
afiiision  of  water,  until  all  nitric  acid  has  Ux^n  removed;  drain  the 
precipitate  on  a  pa|)er  filter.  Mix  977  grains  of  sodium  bicarl)onate 
with  5  fluidounces  of  water  and  gradually  add  8G0  grains  of  pow- 
dered tartaric  acid,  warming  slightly  to  obtain  a  perfect  solution. 
Transfer  the  precipitate  of  bi.smuth  tartrate  to  the  solution  of  sodium 
tartrate  and  stir  until  dissolved;  filter  the  solution,  add  the  glycerin, 
and  evaporate  it  on  a  water-l>ath,  or  dilut<'  it  with  water,  as  may  l)e 
necessary,  so  that  the  li<[uid  shall  measure  IG  fluidounces.  Each 
fluidrachm  of  this  solution  contains  IG  grains  of  bismuth  and  sodium 
tartrate  with  an  excess  of  sodium  tartrate. 


CHAPTER    XIX. 


SPIRITS  OR  ESSENCES. 


In  the  Pharmacopoeia,  the  terra  "spiritus"  is  used  to  designate  an 
alcoholic  solution  of  volatile  substances,  chiefly  volatile  oils;  in  a  few 
cases,  water  also  is  added.  Of  the  twenty-five  spirits  recognized  in 
the  Pharmacopoeia,  all  but  five  can  be  conveniently  prepared  by  the 
pharmacist,  as  they  are  quickly  made  and  require  only  the  ordinary 
apparatus  usually  founcl  in  the  store;  as  a  rule,  they  are  pre- 
partKl  by  simple  solution  of  the  liquid  or  gaseous  body  in  alcohol, 
although  sometimes  distillation  is  resorted  to.  Whenever  volatile 
oils  are  used  in  the  pre})aration  of  spirits,  only  the  very  best  should 
be  selected,  as  the  value  of  the  finished  product  de})end8  entirely 
upon  the  quality  of  the  oil ;  particular  attention  should  be  paid  to 
those  oils  likely  to  have  assumed  a  terebintliinate  odor,  such  as  the 
oils  of  juniper,  lemon,  nutmeg,  and  orange  })eel. 

The  following  is  a  list  of  the  official  spirits,  together  with  their 
composition : 


Official  name. 

Spiritiis  /Ktlieris    . 

i^piritus    ^Ktlieris    Compositu? 

(Ilottinan's  Ancxlvne). 
Spiriius  .Ktheris  Nitrosi 


Spiritus  Amnioniip 

Spiritus  Ainmonhe  Aromaticui} 


Spiriliis  Aniyplnlji*   A  man**    i^H- 
HemtJ  of  iJitu-r  Almoiul  i. 

Spiritas  \nWi 

Spiriin**  Aiinintii    . 

Spiritu-  Auraiitii  0>mp<»itiis 

Spirilii'*  <  ainplioni' 

Spiritus  Clili'mlVirriii 
SpintU}«  riniiatiionii 


Cumpodtlon. 

Ether  1  volume,  Alcohol  3  volumes. 

Etliereal  Oil  1  volume,  Ether  13  volumeii 
Alcohol  2(5  volumes 

An  alcoholic  fciolution  of  Ethyl  Nitrite,  con- 
taining, when  freshly  made,  between  4  and  5 
j)er  cent.  <»f  the  ethereal  liquid. 

An  alcoholic  solution  of  Ammonia  containing 
10  per  cent,  bv  weight  of  the  gas. 

A  iiydro-alcNiholic  :H)lution  of  normal  Ammo- 
nium  CarlK)nate,  containing  70  per  cent,  hy 
volume  of  Alcohol,  1  per  cent,  of  Oil  of 
Lemon,  and  jV  jwr  cent,  each  of  Oil  of 
Nutmeg  and  Oil  of  Lavender  Flowers 

Oil  (»f  Hitler  Almond  1  volume.  Alcohol  80 
volumes  and  Distilled  Water  sufficient  to 
make  1<H>  volunu»s 

Oil  of  Anise  1  volume.  Deodorized  Alcohol  9 
volumes. 

<.)il  of  <  )ranpe  l*oel  I  volume.  Deodorized  Alco- 
hol VJ  volumes 

Oil  of  Onuige  IV*el  *20  volumes.  Oil  of  Lemon 
')  volumes,  Oil  nf  Coriiuider  2  volumes,  Oil 
of  Ani«<'  ■.  volume,  I>eodorized  Alcohol  72} 
volumes. 

('amphor  10<im.,  Alt^ihol  sutficient  to  make 
HKK'c  of  solution. 

(Miloniforni  <>  v<ilunie>«,  Alc«>h<d  94  volumes. 

( >il  of  <  innumon  1  volume,  .Mct^hol  9  volumes. 
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Spiritos  Fmmenti  (Whiskey) 


Spiritus  Gaultheriae 
Spiritus  Glonoini  (Spirit  of  Nitro- 
glycerin). 

Spiritus  Juniperi   .        .        .        . 
Spiritus  Juniperi  Compositus 


Spiritus  Lavandulae 

Spiritus  Limonis  (Essence  of 
Lemon). 


Spiritus  Mentha!  Piperitap  (Essence 
of  Peppermint). 

Spiritus  Menthfe  Viridis  (Essence 
of  Spearmint). 

Spiritus  Myrcire  (Bay  Rum)  . 


Spiritus  Myristicse  (Essence  of 

Nutmeg). 
Spiritus  Phosphori  (Tincture  of 

Phosphorus). 
Spiritus  Vini  Gallici  (Brandy) 


An  alcoholic  liquid  obtained  by  the  distillation 
of  the  mash  of  fermented  grain  (usually  of 
mixtures  of  com,  wheat,  and  rye),  and  at 
least  two  vears  old. 

Oil  of  Gaultheria  1  volume,  Alcohol  19  volumes 

An  alcoholic  solution  of  Glonoin,  or  Nitrogly- 
cerin, containing  1  per  cent,  by  weight  of  the 
substance. 

Oil  of  Juniper  1  volume,  Alcohol  19  volumes. 

Oil  of  Juniper  8  volumes,  Oil  of  Caraway  and 
Oil  of  Fennel  each  1  volume,  Alcohol  1400 
volumes,  Water  sufficient  to  make  2000  vols. 

Oil  of  Lavender  Flowers  1  volume.  Deodor- 
ized Alcohol  19  volumes 

A  5  per  cent,  alcoholic  solution  of  Oil  of 
Lemon  ;  this  spirit  also  contains  in  each  liter 
the  oil  and  coloring  matter  from  50  Gm  of 
freshly  grated  lemon  peel. 

Oil  of  Peppermint  1  volume,  Alcohol  9  vols  ; 
this  spirit  is  colored  green  by  peppermint 
herb. 

Oil  of  Spearmint  1  volume.  Alcohol  9  volumes; 
this  spirit  is  colored  green  by  spearmint 
herb 

Oil  of  Myrcia  16  volumes.  Oil  of  Orange  Peel 
1  volume,  Oil  of  Pimenta  1  volume  Alcohol 
1220  volumes,  Water  sufficient  to  make  2000 
volumes. 

Oil  of  Nutmeg  1  volume,  Alcohol  19  volumes. 

A  solution  of  Phosphorus  in  Absolute  Alcohol 
representing  0.0012  Gm.  in  each  Cc. 

An  alcoholic  liquid  obtained  by  the  distillation 
of  the  fermented  unmodified  iuice  of  fresh 
grapes,  and  at  least  4  years  old. 


Special  Remarks  on  Some  Official  Spirits. 

SpirUus  uWieris  ConiposUus.  Commercial  Hoffmann's  anodyne 
varies  greatly  in  composition,  and  is  probably  never  identical  with 
the  official  spirit — in  fact,  manufacturers  do  not  claim  this  to  be  the 
case;  hence  the  necessity  for  discrimination  l)etwecn  the  two  prepa- 
rations when  physicians  prescribe  compound  spirit  of  ether.  The 
commercial  varieties  of  Hoffmann's  anodyne  are  often  obtained  as 
by-products  in  the  rectification  of  ether,  and  consist  of  mixtures  of 
heavy  and  light  oil  of  wine,  ether,  alcohol,  and  water,  brought  up  to 
a  certain  arbitrary  standard,  varying  with  different  manufacturers. 

Spirit  JEfheris  Ni(rof<i.  This  preparation  is  a  very  unstable  solution, 
at  least  as  far  as  the  proportion  of  active  ingrtnlients  is  concerned ; 
even  under  the  most  favorable  conditions  it  deteriorates ;  to  retard  this 
change,  as  far  as  possible,  the  spirit  should  be  preserved  in  small, 
well-8top|)ered  bottles,  in  a  cool,  dark  place.  Spirit  of  nitrous  ether 
should  be  purchased  in  original  })ackagcs,  and  never  in  bulk  drawn 
from  carboys. 

The  chemical  reactions  involved  in  the  manufacture  of  this  spirit 
will  be  explained  eLsewhere,  as  also  the  official  method  of  determining 
its  quality. 
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Spiritus  Ammonue.  The  object  of  directing  the  use  of  alcohol 
recently  distilled  and  preserved  in  glass,  is  to  avoid  discoloration  of 
the  liquid,  which  is  apt  to  occur  if  ammonia  gas  be  dissolved  in  alco- 
hol kept  in  barrels  and  containing  organic  impurities.  Spirit  of 
ammonia  is  of  the  same  strength  as  official  ammonia  water,  and  is  in- 
tended to  be  used  in  cases  where  the  aqueous  solution  is  inadmissible. 

SpirituH  Ammonice  Aromaticus,  Ammonia  water  is  used  in  connec- 
tion with  official  ammonium  carbonate,  for  the  purfwse  of  converting 
the  latter  into  the  normal  salt,  as  this  alone  is  soluble  in  the  alcoholic 
liquid ;  in  order  to  complete  the  change,  it  is  advisable  to  let  the  aque- 
ous solution  stand  for  twelve  or  twenty-four  hours,  before  adding  it 
to  the  mixture  of  oils  and  alcohol.  Aromatic  spirit  of  ammonia  is 
of  faint  color  when  freshly  prepared,  but  gradually  becomes  darker. 

Spiriiiis  Fnunenii  Whiskey,  as  recognized  by  the  Pharmacopoeia, 
should  contain  from  50  to  58  jier  cent,  by  volume  of  alcohol,  which 
is  readily  ascertained  by  aid  of  the  alcoholometer  described  on  page 
57.  100  Cc.  of  whiskey,  when  evaporated  to  dryness,  should  not 
yield  more  than  0.25  Gm.  of  residue. 

Spiritus  Phosphari,  The  weighing  of  phosphorus  requires  consid- 
erable care,  owing  to  its  very  inflammable  nature;  it  should  always 
be  performed  in  water,  and  the  phosphorus  rapidly  dried  by  means 
of  fiiter-})aper,  before  it  is  introduced  into  the  absolute  alcohol.  The 
use  of  an  upright  (H)ndenser  is  necessary  when  heat  is  employed, 
to  avoid  ignition  and  loss  of  alcohol,  which  would  occur  in  an 
unstop]K'rcHl  flask;  agitation  with  cold  absolute  alcohol  will  also  dis- 
solve phospiiorus,  but  it  is  a  tedious  process.  Phosphorus  is  far  more 
soluble  in  fixed  oils  or  chloroform,  but  since  spirit  of  phosphorus  is 
used  chiefly  in  the  preparation  of  elixir  of  phosphorus,  such  solutions 
would  be  inadmissible.  Phosphorus  is  rapidly  oxidized  upon  expos- 
ure to  air,  and  particularly  when  in  solutiou,  hence  the  spirit  must  be 
j)reserv(*d  iu  small,  securely  stopjKTeil  vials,  in  a  cool,  dark  place. 

Spiritua  Mni  (idWci,  Ollicial  brandy  should  be  at  least  four  years 
old,  and  coutain  froui  46  to  55  jmt  ct»nt.  by  volume  of  alcohol ;  the 
older  the  brandy  the  finer  is  its  (juality.  100  Cc.  of  brandy,  upon 
evaporation  to  dryness,  should  not  yield  more  than  1.5  (Im.  of  residue. 
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TINCTURES. 


Tincture  is  the  uarai*  applied  to  solutions  of  non-volatile  or  only 
jtartially  volatile  substances,  in  liquids  other  than  simple  water  or 
glycerin,  and  which  invariably  contain  alcohul;  solutions  of  volatile 
substances  in  alc^>hol  are  always  termed  spirits  or  essences.  While 
tinctures  are  usually  as8unicd  to  be  solutions  of  vegetable  principles, 
this  is  not  the  ca^e  in  all  the  oflScial  tinctures;  two  of  these,  the 
tinctures  of  if)dine  and  ferric  chloride,  are  siolutions  of  inorganic 
substances.  Tincture  of  iodine  is  also  an  exception  to  the  rule 
that  tinctui'es  are  solutions  of  non-volatile  substances.  The  men- 
struum or  solvent  used  in  the  preparation  of  tinctui*ea  may  be  simply 
alcohol,  various  mixture*?  of  alcohol  and  water,  or  of  alcohol, 
glycerin,  and  water,  ammoniated  alcohol  in  the  form  of  aromatic  spirit 
of  ammonia,  and  mixtures  of  alcohol  and  ether;  atXHiitlinj:  as  these 
'  different  menstrua  are  employed,  tinctures  are  divided  int*)  groups 
designated  as  alcoholic,  hydro-alcoholic,  ammoniated,  and  ethereal 
tinctures  respec*tively.  Elhertal  tinctures  are  not  recognized  in  our 
rharmacojxeia,  but  are  employed  to  some  extent  in  Europe. 

The  PImrmacopieia  i^ecoguizes  seveuty-two  tinctureSj  of  which 
tw^enty  are  made  with  alcohul  alone,  fifty  with  a  hydro-alcoholic  men- 
struum, and  two  with  amaioniatcd  alcohol  ;  from  this  it  ts  seen  that 
the  tendency  is  m  the  direction  of  weaker  alcK)hol,  and  many  tinctures 
formerly  made  with  alcohol  exclusively,  are  now  found  eaually 
efficient  and  ]>ermanent  when  made  with  a  mixture  of  alcohol  and 
water.  Tfie  valuable  solvent  and  preservative  properties  of  alcohol 
have  l>een  explained  in  a  former  chapter  ;  these  are  retaiueil  in  the 
various  hydro-alcoholic  mixturt^,  in  which  the  proportions  of  alcohol 
and  water  are  so  adjusted  that  complete  extraction  of  the  valuable 
constituents  of  the  drug  is  insured  as  well  wi  permanence  of  the 
solution  ;  the  solution  of  much  inert  and  unstable  matter  is  likewise 
thus  avoided.  Tinctures  made  with  weak  alcohol  are  also  more  readily 
miscible  with  aqueous  liquids— a  ptiint  often  of  great  value  in  dis- 
I)ensing  me<:liciues.  The  adtlition  of  glycerin  to  the  menstruum  is 
frt.H|Uctitly  desirable  to  facilitate  the  |>erfect  extraction  of  astringent 
and  (*tlier  priuciples  and  prevent  sul>ser|Uent  changes  in  the  finisht*d 
tituiure,  due  to  atmospheric  influences  which  cause  the  gelatiuizatiou 
of  the  solution  or  dep(^»sit  ot  uuHightly  prtrci  pi  tales. 

Tinctures  are,  as  a  rule,  pre|mre<l  by  ]>erc»olation,  except  in  the 
easwi  of  a  few  resins,  balsams,  gtun-re&in**,  and  extractive  drugs,  for 
which  maceration  ban  proven  more  satisfactory*    The  proceaa  of  per- 

ItJ 


f!oltftioL  iiar  iiwu  iuliv  dt^cTiued  ul  pag>el:r4  cf«c^..aFW€ll  A-^tb*  piv- 
tautiiiu^  iiewt«i?7  ti'  iuesim.  peri-eci  <?xtnictioij  oi  drupti.  T4i€  ^rrca: 
adxnutajtfer  k-  t^  d^^ivt^  Iroiu  t  pruper  moisteDin;:  And  prdimimrt 
iuai«;raiiuii  o-  tm  dru^:  iiuvt^  be^L  airtaidy  ]K>intt)(]  out  hi  tbt-  cbapter 
ui»  Pef.-^ilaiicii;  Tii*  valu»  uf  tiiit  mud*:  ai  <»oiatioi)  cannot  tit  ov^v- 
«0timiit4Hi  iL  tu*  }>repantti<nj  u.*  tiucturet;.  and  a-  tin  iunomn  «Tf 
avaiiai»i»  iu*fUr?truuu.  j^  au]}ii«^.  i\iui pl«?tt  exiiaustioij  oi  tht  drnji  ^il! 
iiBv^r  ipf*th  efi^i^  li'.'lan  uL  tin  touivem  iiaf-  passwi  tbTY>ugii  :  tiw 
<>lM*i*tiiii  ut'ir*^!  tiiat  iijfnj«nruim:  ib  reiaiufd  by  tlit  marc,  caui  m 
4aiHily  oveit-oiij*  es*^  pa)r»  I-!-*,,  aud  it-  tun  rriflini!  a-  (*ampared  witL 
tbe  jraii   iL  liiu*  aud  in  ttu  j*»H<:^n.  #jjtiaT  tJolirtioij  at  one*  ohtained. 

Of  tij»  r!^veuTy-t\^l•oflj•.•ia  tiD*-nur*ffc.  lifry-sis..  ot  over  tiiree-toirrtiif- 
4if  tii»:  wiu»l*-  uuiiJiie'.  ar»  dir»:med  ti  i#^  niadi  i»y  j^en-olation.  eiovai 
l»v  mu«»fniiiu!  .  loll?  i»y  diT**-.T  H»iirti<>ti.  and  on*  hy  liwYioii^iE  and 
8ul*e^MU*Ai:  ^Mii'-^iiiniilm..  li  ttj»  )»uaruihvopQeial  litie-  oi*  tincturt^. 
tu»  uaiu*^  u'  \ut  driiirb  iuniif>iiiij«:  in*  a'n^vt  incredienfr  aTe  indt- 
ail<^l  iu  all  i»ii:  :u*^iv«:  .  of  tiieet.  sis  ar^  officially  d«s^mat«^  sf 
rinnjjuttHf^  iiufT (•"*.>.  aaiu'^y  :  tii*  *.'umj»iniud  tmctwref  of  itmzniu, 
vv.f'dfMiiOih.  "{Vt'''in  .  *'in':ituti(  u'^nUfM..  and  tar^'udc' .  lu  tii*  Temaiit> 
iuji:  bi::  titier-.  infiy  tUt  uatu*  «.»f  tii*  ♦•iii*.?f  iuirredient  i*  ni^itinnH].: 
at  ^o^'ru''  (**  £//(^.'>.  itwru'*  '.r  ''inuamttK.  "anuthoratetl  iinrtur*  of 
vphiiu.  Uh*'Ui"*    of  "titrjtii-.  *f/'>r  itur^v.*'    tr   rimua^h,  and  aromatit 

Ujnii  ♦•2:pi»«iiT>  n  ai?  and  liiria.  lintnure^.  likf  all  v^rexahk  «aiih- 
li'iii'i.  atv  u|»:  it  uudenrt'  '-•iianirL.  aud  «^ti(»uid.  tberefort,  lie  kept  in 
vel*-»*iL»-a^  '•niiiuiutTb.  iL  Htmdy  ]iiii'/*^  *  r:rem'-^  of  temjieisTun-  an- 
eviui/  y  iiiiThi  'H.  a*--' »iiut  '»^  iii*  ;i  »^1ji1*:  Miiauirt  hi  tht  uien^^cmum. 
J'tr-mit;*  ^ .  :ii»  d»*p'»^ii*  'l»-iii*':  'i  tiii'tiir*-r  v<in^isi,  a*-  a  mk.,  imlr 
'.»'   ':j«*r  »'Mr-at  \»  luu:;*".  viir*i   ijuy  tk  r».*iii»v»d  i»y  iihration. 

T!i»  1  '"i-'v^  ill;:  iii'M*  sii  »v>  u:  l  iiiuii'^  tii*  vc»iii]»iisiti(in  andficrencdi 
*.»f  '!!»     .f!i':i     •  Li '-.IS  ••*.'-.  a*-  V**!   a?-  lif  ruviH-jr^  <»:  ]ir»wd«r  and  tbi- 
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Table  of  Official  Tinctures  arranged  Alphabetically. 
Tinctures  Made  by  Percolation, 


Ofllcial  Name. 


QnantitjT  of  drug  used  for 
loot)  Cc.  of  tincture. 


Fine- 
neee  of 
powder. 


Menstruum. 


Quan* 
tity  of 

l«^°*    Packing. 

'  moisten 
'   drug. 


Tinctun 
Aconiti    . 


Aconite 


.V.0  Gm.         No.  m 


Aloes  . 


\  PnriAed  Aloee 
*     \  Liquorice  Root 

I  Purified  Aloos 
Aloes  et  Hyrrha-  <  Blyrrh 

(Liquorice  Root 
AmicsB  Flnrum        Arnica  Flowers 

AmicsB  Radicis        Arnica  Root 


KM) 

200 
UN) 
10() 
KW 
2<i0 

100 


AurantiiAmari       Bitter  Orange  Peel    200 
Aurantii  Dnlcis       Sweet  Orange  Peel    2iN) 


BelladonnsB  Ful. 
BryonisB  .  . 
Calendula    .    . 

CalumbM      .    . 

Cannabis  IndicsK 
Cantharidis 

Capeici    .    . 

Cardamomi  . 


Belladonna  Leaves  l.^o 

Bryonia  loo 

Calendula  200 

Calnmba  100 

Indian  Cannabis  l.'M) 

Cantharides  50 

.■so 


Cardamomi 
Compodta 


Catechu 

Compoaita 

Chiratse   .    .    . 

CimidfbgsB  .    . 

CfncboDse    .    . 

CinclionB 
Compodta 

CInnamomi .    . 


Capsicum 

Cardamom  100    " 

Oardamoni  20    ** 

Cassia  Cinnamon        20    *' 
Caraway  10    " 

Cochineal  5    " 

(the  finished  product  also  con- 
tains 0  per  cent  of  glycerin, 
added  after  percolation) 
Catechu  100  Gm. 

i  Cassia  Cin  namon        TiO 

ChiraU  lOo 


•Kt 


••    20 
"     40 

"     30 

Cot  in 
small 
pieces 
No.  «> 
•♦  40 
'•  20 
••    2«) 

"  40 
••     fiO 

'•    :V) 

"     30 


200 


Cimicifuga 

Cinchona 

( Red  Cinchona 

<  Bitter  Orange  Peel 

(Seriwutaria 


Ceylon  Cinnamun      1««» 


100 
21 » 


Colchici.Semlnis.    Colchicum  Seed 

Croci  ... 
CubebM  .  . 
Digitalis.    . 

Galls  ... 

Gelsemli  .    . 

G«ntian« 
Compodta 

Humali  .    .  , 

UydrMtls    .  . 

Hjoscyaml  .  . 

Kramaria    .  , 


I 

SafTnin 
.  Cnbeb 
'     Digitalltf 

Nufgall 

I 

>     Gelsemiuui 

{Gentian 
Bitter  Orange  Peel 
(Cardamom 
Hope 
Hydrasti* 
I     llyoacyamus 
Krameria 


Km 
2O0 
loO 


loO 

100 

40 
10 
2110 
200 
l.'iO 
200 


Lactocarii 


[  Lacturarium  .'>0«i    ••     "j 

I  (the  drug  is  mixeil  with  sand  I 
j  and  treato<l  twice  with  beo-  |' 
[   sin,  before  percolation)  j 


} 


Dil.  Alcohol 


\  Alcohol 
Vater 


7  Tols. 
3 


I    200  Cc.    Firm. 
80  " 


•I' 


-Alcohol 


(Alcohol     3  Tols. 
'(  Water        1  toI 

Dil.  Alcohol 
( Alcohol  Go  Tola. 
\  Water      35     " 
)  Alcohol     0    •• 
\  Water        4     " 

) 

Dil.  Alcohol 

Alcohol 

Alcohol 
/  Alcohol 
1  Water 

.\lcohol 

Alcohol 
f  Alcohol  (i'l  vols.  ) 
i  Water        5    **    J 

Dil.  Alcohol 


0 
150  ' 


4o       Dil.  Alcohol 


40       Dil.  Alcohol 


44» 


Alcohol  65  vols. ) 
Water  35  "  / 
Alcohol 

.\lcobol  G7.5to1«.  ) 
Water  23  "  - 
Glycerin  7..'>  '•  j 
Alcohol  «5  ••  I 
Water  7.5"  V 
Glycerin  7.5"  \ 
Alcohol  75  *•  ) 
Water  20  "  V 
Glycerin  5  "  I 
Alcohi>l  0  vols.  » 
Water  4  '*  i 
Dil.  Alcohol 
Alcohol 
Dil.  Alrohol 
Alcohol  9  vols  \ 
Glycerin  1  vol.  > 
Alcohol  I'lft  vols,  t 
Water      3o    "     \ 


5  Al 

(w. 


Alcohol 
Hter 


200  ' 
100  • 
200  ' 


\  ^?;"-  j     100  ' 


150  ' 
30  < 

40  ' 

100  ' 


Dir.  Alcohwl 

Dil.  Alci.hol 

Dil.  Alcohol 

Dil.  Alcohol 
f  Alci»hol  5l»  Tt.ln.  'i 

Water      20     "      | 

\  Glycerin  2:»    -     \ 

afterward  I 

i  Dil.  Alcohol         I 


100  ' 

150 
200  ' 


50  ' 


loo  ' 
loo  • 

100  ' 


UK)  ' 


44MI   ' 

l.'io  ' 
l.Vl  ' 
20' >  ' 


Moderate. 


Firm, 


Moderate. 
Firm. 


'  nrm. 


Moderate. 
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OfflcUl  Name. 


Tinctnrm — 
LaTandnln 
CompodU 


QoADtlty  of  drag  used  for 
1000  Gc.  of  tincture. 


Oil  of  IiATeDder  Flower*  8  Gc. 


LobeliA 
M«tioo 
Opii     . 


Oil  of  RoMowry 
CMsia  Ciiinamon 
Clorea 
Nutmeg 
Bed  Baundera 
Lobelia 
Matico 
Powd.  Opium 


Opii  Deodorata        Powd.  Opium 


Phyaoetigmatii 
Pyrethri .    .    . 

Quassia  .    .    . 


Khel 


)  Rhubarb 
{  Cardamom 


Rhei  Aromatica 


Bbei  Dulcis . 


Sanguinaria* 

Scillat.    .    . 

Serpentarin 
Stramonil 
Semiuis 

Strophautbl 
Sumbul    .     . 

Valrrianie    . 

ValeriAim* 
Ammouiuta 


Vrratri  Viri-lin 
ZliiKilxritf    .     . 


Rhubarb 
Glycjrrrhiea 
Anine 
Cardamom 

Sanguinaria 

Squill 

Berpentaria 

.Stramonium  Seed 

Strophantbus 

Sumbul 

Valeriau 

VKl«Tian 

Vmiilla 

V«THtruni  Viride 
<iingiT 


2 

20  Gm. 

5    •* 

10    •• 

10    •• 

200    •• 

100     '• 

100    •• 

100    ♦• 


PhjrwMtigma  150 

Pjrethrum  200 

Quaaia  100 


100 
20 


Rhubarb  200 

CaMia  Cinnamon  40 

rioTes  40 

.Nutmeg  20 


100 
40 
40 
10 

160 


4(M) 


•   Fine-   ! 

;  ness  of 

powder. 


No.  20 


40 
40 


40 
40 

40 
40 

40 
4(» 


160    •• 

!    "    30 

100    •• 

"    40 

l.V)    •• 

••    40 

r*i   •• 

'•    .-V) 

io«)   •• 

••    30 

•.XK)      " 

••   m 

2«M)    •• 

•♦     U) 

Menstruum. 


I  Qnan<  I 
,  Uty  of 

moisten 
drag. 


Alcohol  70  Tols.  1 
Water      25    " 

afterward 
Dil.  Alcohol         J 

Dil.  Alcohol 
Dil.  Alcohol 
Dil.  Alcohol 


v«  ater  -v 

Alcohol 

Alcohol 
5  Alcohol  35  Tols. 
{  Water      65 


3  " 

1    TOl. 
5   TOl*. 

4  '• 

1    TOI. 


(Alcohol 

\  Water 

(Glycerin 

f  Alciihol 

I  Water 

\  Glycerin 

afterward  j 

Dil.  Alcohol         I 
Alcohol     5  Tols.  ^ 
Water       4    •• 
Glycerin   1  toI. 

afterward 
Dil    Alcohol 
Alculiol     r>  Tula.' 
Water       4     " 
Acetic  Acid  2  p  c. 

JAIcohul     3  Tols.' 

J  Water       1  rol, 

(Alcohol  &5  vols. 

\  Water     35     "      / 

Dil.  Alcohol 

(  Alcohol  65  vols.  ) 
1  Water  3.'.  "  y 
(  Alcohol  65  **  ) 
1  Water  r.  ••  / 
( Alcohol  75  •'  » 
I  Water  'J'>  **  / 
\  Aromatic  spirit  \ 
I  of  Anini«>nia  )' 
<  Alcohol  Ti-'i  Tills.  ) 
(Water     35    "     j 

Alcohol 

Alcohi.l 


ii 


Firm. 


200  Co. 
100  •• 


Finished  product 
contains  20  ner 
cent,  of  alcohol 

100  (k;.  ;  Firm. 

150  •*  I   •' 

100  •• 


100  • 


100  ' 


100  •• 

200  •• 

100  «• 

100  •• 

70  •• 

100  " 

100  " 

200  " 


50  ' 


2V/«r/K/r-s  Made  by  Stflntlon. 


offlcial  KniiMv 


(Quantity  of  «]rui;  iiihhI  fur  l'>**  •'<■.  "f  tin.  lure. 


Menstruum. 


Tinctura— 

Kerrl  <'hliri<II        .     .     .        S.lutlon  of  K.-rrlr  Chl.iri.le     .     .     JVn'r.  Alcohol. 

i,^«..„.u..,.. ...  o„u  .  ■;?lr•.J;^'.?;l;!.^^^^^^^^^       ;„';:;;;  ;■  ^'--'^boi. 

IikII IifUiie T'Mhii  .VIcohol. 

„.  ..  (Alcohol  7.VMV. 

•       '  ,  Water     2i0  " 


Nnci^  YMinicji- 


Kxtr.ii-t  of  Mux  Voriiioi 
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Tinctures  Made  hy  Maceration, 


Official  Name. 


Qoantity  of  drag  nied  for  1000  Cc.  i 
of  tincture. 


Menitraum. 


Tinctnra— 

A«afceUd«B Amfetida.  braised  200  Om 

Bensolni Benzoin,  coane  powder  200  " 

{Benioln,     "  ••      120  •* 

Pnrifled  Aloee  20  •• 

Storax  80  " 

Balaam  of  Tola  40  *' 

Herbaram  Secentinm        Freeh  Herbe  (braised)    500  " 
Gnaiaci Guaiac,  coarse  powder  200   " 

Gnaiaci  Ammonlata  .        Onaiac,  coarse  powder  200  " 

Kino Kino  100  '* 

Moschi Musk  50  - 

If  «**!..  /  Myrrh,  moderately  coarse 

*"^**» 1     towder  200  "     . 

f  Opium  powdered  4  " 

I  Benzoic  Acid  4  '* 

Opii  Camphorata    .    .      \  Camphor  4  " 

Oil  of  Anise  4  Cc. 

t  Glycerin  40  " 

Tolatana Balsam  of  Tolu  100  Gm, 


I     Alcohol 


I 

!  Aromatic  Spirit  of  ) 
Ammonia  C  i 

Glycerin      150  Cc. )' 
Water  200 

Alcohol        650 
Dil.  Alcohol 

Alcohol 


Length  of 

time  of 
maceration. 


7  days. 

7     " 

2  hours ; 
digestion  at 
a  tempera- 
ture of  66<>G. 
Cl4»o  F.) 

14  d.^. 


Cc.jl 


24  hours. 

7  days. 
7    " 


Dil.  Alcohol. 


Alcohol 


,  /Until   dis- 
t  aolved. 


Tincture  Made  by  Decoction. 


Official  Name. 


Tinctura  Quilli^jsB 


Quantity  of  drag  used  for  1000  Cc. 
of  tincture. 


Qullli^ja,  coarsely  ground  200  Gm. 


Menstraum. 


(Boilinc  water;  the  decoction  is  pre- 
<  serted  by  alcohol,  of  which  the  fin- 
(  iAhed  tincture  contains  35  per  cent. 


The  strength  of  the  tinctures  of  the  U.  S.  Pharmacopoeia  varies 
from  1.6  to  50  Gm.  of  drug,  being  in  the  majority  of  cases  10, 15,  or 
20  Gm.  for  every  100  Cc.  of  finished  product,  while  the  British  Phar- 
macopoeia, as  a  rule,  employs  2 J  oz.  av.  of  the  drug  for  each  Imperial 
pint  (20  fluidounces)  of  tincture,  or  1  part  of  drug  for  8  measured  parts 
of  fluid.  The  French  and  German  Pharmacopoeias  prepare  their  tinc- 
tures, almost  without  exception,  of  such  strength  that  1  part  of  drug  is 
represented  by  about  5  or  10  parts  of  tincture  by  weight.  While  the 
difference  in  strength  between  our  own  and  the  British  tinctures,  is 
in  the  majority  of  cases,  of  no  great  imjwrtance,  it  is  quite  marked  in 
a  few  tinctures,  and  should  be  borne  in  mind  when  filling  British 
prescriptions;  thus,  our  tincture  of  aconite  is  about  3  times  as 
strong  as  the  British  tincture,  our  tincture  of  cantharides  is  4  times 
as  strong,  our  tincture  of  l)elladonna  is  3  times  as  strong,  our  tincture 
of  iodine  nearly  3  times  as  strong,  our  tincture  of  opium  J  stronger, 
our  tincture  of  nux  vomica  about  50  |)er  cent,  stronger,  and  our 
tincture  of  veratrum  viride  twice  as  strong.  The  following  table 
represents  a  classification  of  tlie  official  tinctures  based  upon  the 
amount  of  drug  represented  in  each  liter. 
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Tabu:  or  Official  Tixctcres  arbasoed  according  to  Strength. 
16  Gm.  of  Drag  in  1000  Cc.  Tincturm  (3pii  CamphoraUL 

f         "        Cantharidis. 

50  Gm.  of  Drag  in  1000  Cc.       ^         "        SlSbi* 

.S5  Gm.  of  Drug  in  1000  Cc       {         :        ^^al^  Comporiu. 

70  Gm.  of  Drug  in  1000  Cc  ^  lodL 

[         "  Arnic«  RadicL». 

'*  Bnronie. 
Calumbiv. 

^  Cardaniomi. 

I  *•  Chiratae. 

J  *'  Cinnamomi. 

I         "  Crod 

100  Gm.  of  Drag  in  1000  Cc       I         T.        Suko 

Opii 
*'        <^ii  Deodorata. 
**        Quasiie.  4 

**        Serpentariie. 

Sumbal 
**        Tolutana. 
•*        VanillK. 
120  f  im.  of  Drag  in  1000  Cc  **        Rhei. 

131  ( ;m  of  Drag  in  1000  Cc  '*        i  . , ,  I ;.  LloridL 

Calculated  for  aDbydroiu  salt.)  **         fieliadomMi  FoUomm* 

I         *'        CamMKsInciiQBu 

Calechii  OmBpoAta* 
I         "        CoLebid  Bemmm, 

**        Dif^talis. 
I         '*        <«eWmii. 
loO  Gm.  of  Drag  in  1<XK)  Cc.  '*        CTentianse  Compo«ita. 

I  "        Hyoecyami. 

*'        Physo^tigmatis. 
Rhfi  Duleis. 

ISangulnariff. 
Scilhe. 

Strumonii  Seminis 
Artu<3»  FlunijKip 
AaaftrtMi*,  . 

*'        Aurantii  .-Vmari. 

**        Aurantii  Ihilci*. 

**        Benzoin  i. 

**         Calemlulie. 

"        Cimioifupie. 

**        Cinchonse. 

'*        Cinchona'  (  omposita. 

(ialW. 

•J<)0  Gm.  of  Druff  in  1000  Cc  [[        Jl^!**'!-  ^ 

I  *'        (riiaiaci  .\mmoniata. 

I  *'        Iliimuli 

j  **         Ilydrnstiit 

II)Ol•acu:lnh»^  et  Opii. 

**        Kramerijt'. 

"         I>»l)eli;«». 

*•         AfvrrhHf*. 

Pvrt-thri. 

"         Valerinnnp. 
I         *'        Valeriaiue  .\mmoniata. 
I         "        Ziiigiberis. 


^^^          TlN(TrRF>\ 

-^^^m- 

2fiOGm 

of  Drug  in  1000  Cc 

Tinctuni  Benzoin!  Conipodtn. 

' 

«t 

Aloes 

300  Om. 

of  Drug  in  1000  Cc 

■ 

u 

Aloes  et  Myrrhie. 
tihei  Ammatica. 

35f>  Ura. 

of  Drag  in  1000  Cc 

** 

Aconiti 

400  Gin 

of  Drug  in  lOOO  Cc. 

n 

Veratri  Vindi?; 

6O0  Gm 

of  Drug  in  1000  Cc, 

r 
\ 

HerbtLTum  Recc^ntlum 

T-rttctucarii. 
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Special  Remarks. 

Thictura  Aconiii  This  important  tincture  requires  care  in  its  prep- 
aration, as  the  dru^  is  not  easily  exbaiii^ted.  The  drug  should  \ye  of 
prime  tjuality,  producing,  wlieii  ebewed,  the  characteristic  tingling 
sensation  in  the  tip  end  ot*  the  tongue,  and  the  percolation  should  be 
eonductet!  slowly  at  tlie  rate  of  not  over  10  drops  per  minute.  The 
residue  in  the  percolator  must  lie  devoid  of  all  pliysiological  effect 

Fleming's  tincture  of  aconite,  which  is  still  prescrii^ed  by  some 
physicians,  is  very  nearly  twice  as  strong  m  the  official  tincture;  it  ia 
made  with  alcohol,  and  480  grains  of  aconite  root  are  represented  in 
IJ  fluidounces  of  the  tincture* 

Tinctura  Aioet^,  The  use  of  powdered  liquorice  root  enables  the 
tincture  to  be.  made  by  percolation,  which  otiierwise  would  In?  impossi- 
ble j  the  liijuorice  also  modifies  the  bitter  taste  of  the  aloes  consider- 
ably.    The  same  remarks  apply  to  the  tincttire  of  aloes  and  myrrh. 

Tindura  Aiviica-  riorum.  The  pharmacopceial  diret^tion  to  pack 
the  powder  dry,  oilers  no  advantage  in  the  prepiiration  of  the  tincture; 
if  the  powder  l>e  moistened  witli  about  li  times  its  weight  of  men* 
litruum  it  can  be  more  firmly  compressed  than  when  dry. 

J^nciara  Asa/fdidc^.  Select  asafetida  should  l>e  used,  containing 
at  least  GO  per  cent,  of  matter  soluble  in  alcohol.  It  must  be  fre- 
quently agitated  during  maceration. 

Tindura  Auranlti  Dulch.  Siuee  the  inner  white  layer  of  the 
orange  peel  contains  tanoin  and  is  devoid  of  aroma^  it  should  be 
carefully  removed  with  a  sharp  knife, and  only  the  yellow  outer  rind 
of  the  fresh  peel  be  used,  as  official  I  v  directed  ;  this  mn  be  split  into 
narrow  strips  and  then  cut  into  small  pieces,  or  the  rind  may  be  care- 
fully grated.  Maceration  for  tive  or  six  days,  with  fre^juent  agitation, 
is  advantageous,  as  j>ackingof  thepieces  is  performed  with  difficulty. 

Tindura  Menzoini  Comp(m(a.  This  tincture  is  intendt^l  to  take  the 
place  of  numerous  proprietary  preparations,  such  as  Wade's,  Vervain's, 
ottint  Victor's,  Jesuits ,  Friars,  Turlington^  Persian  and  Swedish 
balsam. 

Tindura  Briionii:^.  The  official  directions  to  employ  recently 
dried  liryony  root  will  l>e  found  difficult  to  follow,  since  bryony  does 
not  grow  in  this  aiuntry.  Bryony  is  known  to  yield  its  active  vir- 
tueti  to  water ;  diluted  alcohol  will,  therefore,  produce  a  tincture  ns 
efficient  as  one  made  according  to  the  Pharmacopa?iaf  with  alcohob 

Tindura  Cannabis  Indicit,  The  tincture  of  tlie  British  Pharma- 
ciipieia  is  nearly  three  times  as  strong  as  our  own,  being  made  by  dia- 
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solvine  1  oz.  av.  of  the  extract  of  lodian  hemp  in  20  fluidouoces  of 
alcohol. 

Tindura  Cinnamomi.  The  tendency  to  platinize,  which  has  been 
observed  in  tincture  of  cinnamon  when  made  with  weak  alcohol,  has 
been  overcome  in  the  Pharmacopoeia  by  the  use  of  a  stronger  alcoholic 
menstruum  and  the  addition  of  glycerin. 

Tindura  Ferri  Chloridi.  When  an  acid  solution  of  ferric  chloride 
and  alcohol  are  mixed,  as  in  the  official  process,  an  ethereal  odor  is 
gradually  developed,  due  to  chemical  action  between  the  alcohol  and 
the  acid ;  the  pharmacopoeial  direction,  to  allow  the  mixture  to  stand 
at  least  three  months  before  using,  is  iutended  to  insure  uniformity 
by  bringing  all  changes  to  completion.  When  exposed  to  light,  the 
ferric  chloride  is,  in  part,  reduced  to  the  ferrous  condition  ;  hence  the 
necessity  for  protecting  the  tincture  from  light. 

Tin/dura  Galice,  Tincture  of  nutgall,  when  kept  on  hand  for  some 
time,  undergoes  change  and  deposits  gallic  acid ;  the  presence  of 
glycerin  retards  such  changes. 

Tindura  Herbarum  Receniium.  Tinctures  of  fresh  herbs  can,  of 
course,  only  be  made  from  such  plants  as  grow  in  this  country,  and 
must  vary  iu  quality  according  to  the  amount  of  moisture  present  in 
the  drug ;  the  use  of  alcohol  as  a  menstruum  prevents  the  solution 
of  mucilaginous  and  other  inert  matter  and  insures  the  presence  of 
all  valuable  alcohol-soluble  constituents,  such  as  alkaloids,  resins, 
volatile  oils,  etc. 

Tindura  Ipecacuanhce  d  Opii.  This  preparation  may  be  regarded 
as  a  liquid  form  of  Dover's  powder,  as  it  represents,  in  each  Cc.,  the 
equivalent  of  0.100  Gm.  each  of  ipw^c  and  opium.  The  concentra- 
tion of  the  tinctm-e  of  diMHlorized  opium  is  necessary  for  the  intro- 
duction of  tlio  fluid  extract  of  i|x?cac,  the  original  volume  l)eing  again 
restored  by  addition  of  dihitiil  alcohol ;  the  precipitate  formed  con- 
sists of  inert  matter  and  is  removed  by  filtration. 

Tinotura  Kino.  The  tendency  of  this  tincture  to  gelatinize  can  be 
entirely  overcome  by  preserving  it  in  a  cool  place,  in  well-stoppered 
1  oz.  or  2  oz.  vials,  thus  obviating  frequent  exposiiR*  to  air. 

11  nd lira  Ijjiducarii.  LactiK-ariuni  c»ontains,  !)esides  the  active  bitter 

r>rinoipl<s/f£f;/Mc//j,/ac/MCicac/<f,and  lad H<.*opicr in, an  inert  caoutchouc- 
ike  3ubstanc<%  lactueerin,  which  is  removeil  by  treatment  with  ben- 
zin,  as  dire<*t(Hl  in  the  Pharma(\)|xeia ;  the  mixture  must  be  filtered 
in  a  well-cov«T(xl  funnel  and  the  dregs  carefully  wa'^hed  with  benzin. 
In  order  to  get  rid  of  all  benzin  odor,  the  ri^sidue  should  be  dried  iu 
a  current  of  warm  air.  The  |x?rcolation  of  the  powder,  mixed  with 
sand,  presi'nt-*  no  dltlieulty,  as  the  active  principles  are  all  soluble  in 
the  oflieial  menstruum,  but  in  order  to  insure  (^implete  exhaustion, 
tlie  jMTColate  should  Ih»  eollecteil  in  droj>s,  very  slowly. 

Tindura  MfMrhi.  Musk  will  yield  to  water  alxiut  50  or  60  per 
cent,  of  its  wei;;ht  of  solul)le  matter,  whereas  alcohol  extracts  only 
about  10  |M*r  cent. ;  the  official  mode  of  mani])ulation  can  l)e  advan- 
tageously mo<Iified  by  maeeratiug  the  nmsk  with  the  water,  for  twelve 
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hours,  before  atldiiig  the  alcohol.  The  i>ersistent  odor  of  musk  can 
be  removed  from  mortars  and  grati nates  bv  means  of  quinine  or 
powdered  ergot,  made  into  a  soft  paste  with  water  and  spread  over 
the  §urface  of  the  apimmtun. 

Tinctura  Nuei^  VomkxF,  Tlie  present  ofBoiiil  formula  is  very  simple 
Imnd  insures  a  tincture  of  uniform  strengthj  containing  0.003  Gm»  of 
1  mixed  alkaloids  in  each  Cc, 

Titictura  Opii  Although  the  Pharmacopt:eia  directs  the  use  of 
powdered  opium,  for  the  sake  of  uuiforiuity,  a  somewhat  coarser  state 
of  division  is  preferable,  aud  pen'olatiou  to  t*omplete  exhaustion  can 
be  carried  on  more  satisfactorily  with  opium  in  !No.  40  powder.  The 
preliminary  digestion  with  water,  for  twelve  hours,  pre|)ares  the 
Boloble  principles  for  l]>etter  extraction  with  the  diluted  alcohol,  and  a 
somewhat  coarser  powder  prevents  compaction  of  the  mas.s.  The 
insoluble  calcium  pliosphate  is  iutendfJ  to  facilitate  the  perct»lation 
of  the  tine  jK)wder,  but  does  this  very  imjH^rfectly,  IMhcial  tincture 
of  opium  must  contain  from  0,013  to  0.015  Gm.  of  crystallize<l 
morphine  in  each  Cc. 

!nnctura  Opii  Deodorato.  The  active  virtues  of  opium  can  be  com- 

Cletely  extracted  witl*  water  ;  the  maceration  for  twelve  hours  should, 
owever,  be  accompanied  by  fi-etiuent  agitation,  and  subsequent  j^er- 
eolation  continued  until  the  lifjuid  passes  but  slightly  imbued  with 
the  peculiar  taste  of  opium*  The  treatment  of  the  concentrated  per- 
flate with  ether,  as  directed  in  the  Pharmacopceia,  is  intended  to 

'^TCmove  a  peculiar  odorous  principle  and  narcotine,  w^hich  it  does  very 
effect ually,  but  if  the  official  modus  operandi  be  strictly  followed — 
namely,  to  shake  the  ether  repeatedly  with  the  aqueous  solution — a 
very  annoying  and  persistent  emulsion  will  t^enerally  result*  A  much 
better  plan  is  to  add  the  ether  to  the  liquid  in  a  cylinder  or  large 
globular  separator  and  bring  the  two  fluids  into  intimate  contact, 
either  by  slowly  inverting  the  cylinder  or  by  rotating  the  sepamtor ; 
this  treatment  should  Ix)  contiinied  for  some  time,  and  repcatwl  fre- 
quently during  twelve  or  twenty-four  hours.  The  aqueous  fluid 
should  tlien  be  carefully  separated,  either  by  being  drawn  off  or  by 
<b*canting  or  siphoning  off  the  ellier,  and  the  washing  with  ether 
repeated,  this  time  using  about  one-half  as  much  ether  as  before. 

Experiments  made  with  benzene  and  petroleum  benzin  as  <Ieu- 
dorixing  agents  have  prov^en  their  inferiority  to  ether,  mainly  on 
demount  of  their  own  disagreeable  aud  rather  persistent  cnior.     In  my 

Texperience,  the  most  satisfactory  plan  is  to  deodorize  the  powderc^i 
opium  itself  with  ether,  by  treating  it  thrt*e  times  after  the  manner 
preacrilMHl  in  the  Pharmaeopteia  ft>r**  Opium  I>e«Kluratum,*' and  then 
to  exhatist  this  thomu^xhly  witfi  water,  concentrate  the  i>ert^olate  io 

^four* fifths  of  the  intended  volume  of  finished  priKluet,  and  add  the 
Da-essary  quantity  of  alenliol  ;    tliis  metluKl  involves  the  use  of  a 
_er  (juautity  of  ether  (whit!h  can  l>e  redistilletl  and  usc*d  for  a  sub- 

SWquent  oi»eration),  but  entirely  obviates  the  tbrmation  of  troublesome 
emulsions,  and  yields  an  unobjwtionable  product. 
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Federer's  process  for  deodorizing  opium  by  freezing  an  aqueous 
infusion,  which  was  published  in  full  m  the  bruggisUf  Circular  for 
April,  1887,  is  economical  and  not  very  troublesome ;  it  removes  all 
odfor  and  narcotine,  but  I  have  also  invariably  noticed  a  loss  of  mor- 
phine when  operating  with  assayed  opium.  The  marc  was  carefully 
tested  and  found  completely  free  from  morphine,  proving  that  the 
loss  occurred  in  the  dark  deposit  se|)arat6d  during  the  freezing 
operation. 

The  morphine  strength  of  this  tincture  is  identical  with  that  of  the 
plain  tincture  of  opium. 

lindura  Physostigmatis.  Tincture  of  Calabar  bean  should  be  pre- 
served in  small,  well-stoppered  vials,  protected  against  light,  on 
account  of  the  sensitiveness  of  the  alkaloidal  salts,  when  in  solution, 
to  the  influence  of  air  and  light. 

Tindura  Quaasice,  No  tannin  being  contained  in  quassia,  the  tinc- 
ture is  not  discolored  by  iron  salts,  and  is  often  selected  from  among 
the  bitter  stomachics  on  that  account. 

Tinctura  QuillajoB.  Boiling  water  extracts  all  the  saponaceous 
principles  from  quillaja,  but  also  considerable  inert  matter,  which  is 
sought  to  be  removed,  in  the  official  process  for  making  the  tincture, 
by  addition  of  alcohol ;  the  latter  also  finally  preserves  the  finished 
product. 

Tinctura  Sanguinarias.  The  addition  of  acetic  acid  to  the  men- 
struum not  only  facilitates  the  exhaustion  of  the  drug,  but  also 
materially  improves  the  stability  of  the  tincture. 

lindura  Strophanthi.  Strophanthus  seeds  contain  considerable 
fixed  oil,  which  can  be  removed  by  percolation  with  ether,  before  using 
the  official  menstruum  ;  ether  does  not  affi?ct  the  active  principle  stro- 
phanthin,  which  is  i^erfectly  soluble  in  diluted  alcohol. 


CHAPTER    XXI. 

WINES  AND  VINEGARS. 

These  two  classes  of  preparations  have  almost  passed  into  disuse 
among  physicians,  and  their  numl>er  has  been  diminished  in  the  last 
Pharmacopoeia ;  in  place  of  thirteen  wines  officially  recognized  in 
1880,  only  ten  now  remain,  and  the  number  of  vinegars  has  been 
reduced  from  four  to  two. 

Wines. 

Both  white  and  red  wines  are  reooornized  in  the  Pharmacopceia,  but 
in  the  preparation  of  the  official  medicated  wines,  only  the  wnite  wine 
is  directed,  on  account  of  its  lesser  astringency,  and  in  each  case  the 
alcoholic  strength  of  the  preparation  is  increased  by  the  addition  of 
alcohol  to  the  extent  of  15  per  cent.  This  fortification  of  the  wine 
is  particularly  necessary  to  insure  the  stability  of  v^^table  solutions 
during  warm  weather.  Native  wines  can  now  be  obtained  of  good 
Quality,  and  are  given  preference  by  the  Pharmacopoeia.  The  chief 
difference  between  white  and  red  wines  lies  in  the  dark  coloring 
matter  and  larger  proportion  of  tannin  in  the  latter,  due  to  the  fact 
that,  in  the  case  of  red  wines,  the  pericarp,  or  skin  of  the  grape,  is 
allowed  to  remain  with  the  expressed  juice  during  fermentation ;  were 
the  skins  carefully  removed,  many  dark-colored  grapes  would  also 
yield  white  wines,  for  the  juice  is  naturally  colorless.  Much  of  the 
tannin  found  in  wines  may  also  be  derived  from  the  casks  in  which 
they  are  stored.  As  white  wines,  as  a  rule,  contain  only  very  small 
pro|)ortions  of  tannin,  they  are  preferred  as  menstrua  for  medicated 
wines. 

The  process  of  freeing  wines  from  tannin  is  termed  detannating 
them,  and  may  l)e  effected  by  adding  to  the  wine  either  some  freshly- 
prepared  ferric  hydroxide  or  some  swei^t  milk  ;  tlie  former  plan  is 
the  most  effectual,  although  the  most  laborious,  but  should  not  be 
employed  if  the  wine  is  wanted  entirely  free  from  iron,  some  of 
which  goes  into  solution.  As  the  removal  of  tannin  from  wine  in  no 
way  interferes  witli  its  quality — alcoholic  strength  and  aroma  re- 
maining tlie  same,  and  only  coloring  matter  Ix^ing  lost — a  supply  of 
detannated  wine  should  be  kept  on  hand,  for  it  rinjuires  very  little 
more  labor  to  detannate  a  gallon  than  a  pint.  Wines  containing 
tannin  are  not  well  suited  for  use  with  alkaloidal  drugs,  iron  salts, 
antimony  compounds,  etc.,  as  precipitates  will  be  gradually  formed 
and  deposited.     The  detannating  agent  must  be  allowed  to  remain  in 
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contact  with  the  wine  for  some  da  v  a,  witli  occasional  agitation,  nntil  a 
few  tln)ps  of  tincture  of  ferric  eliluride,  addcil  to  a  smaU  portion  of  the 
wine,  no  longer  produce  a  dark  color. 

If  ferric  hydroxide  is  to  be  usetl,  it  must  be  freshly  prepared,  and  a 
convenient  ijuantity  then  l>e  added  to  the  wine — about  8  ounoes  of 
the  expresst^l,  but  ruoist,  pnx;ipitate  to  a  gallon.  Sweet  milk  may 
lie  employed  iu  the  proportion  of  4  tluidouncee  to  a  ^llon. 

Both  white  and  reil  wines  have  an  acid  reaction »  due  to  potat^^iium 
bitartmte  lield  iu  solution  ;  this  acidity  is  limited!,  by  tlie  Pharmaco- 
jxeia,  to  from  4.49-7.78  Gm.  of  free  acid  |ier  liter.  The  amount  of 
solid  matter  in  wines  should  range  between  1.5  and  3.5  percent.,  and 
may  be  a*^^rtaine<l  by  evaporation  and  drying  on  the  water-bath 
during  twelve  hours.  The  Pharmacopoeia  also  Ppecificfe  the  alcoholic 
streogtl)  to  be  from  10-14  |)er  cent  by  weighty  which  is  equal  to 
12.4—17.3  per  cent,  by  volume  of  absolute  alcohol,  the  official  direc- 
tions for  ascertaining  the  j>ercentage  of  alcohol  present  Ijeing  to  take 
the  specific  gravity  of  the  wine  at  15,6^  C.  (B0°  F,),  evajxjnite  a 
I  carefully  measurc*d  portion  of  it,  in  a  tared  capsule,  to  one-third  of  its 
*^Weiglit,  c*ool  aud  re.*>tore  the  original  volume  by  the  addition  of  water, 
and  again  take  the  8|)ecifie  gravity  of  the  liquid  at  15.6*^  C.  (60°  F.) ; 
the  difference  l>etween  the  two  specific  gravities  subtracted  from 
1,000,  indicates  tlie  s[>e<:i<ic  gravity  of  an  alcohol  containing  the  same 
percentage  of  absolute  alcohol  as  the  wine,  thecorrespi^nding  percent- 
age being  ascertained  by  reference  to  the  alcohohuuctric  tables  ptil)- 
lishcil  in  the  Pharmactjpfeia.  Suppose  the  wine  Ijcibre  evaiMjmtion 
has  a  sj>ecific  gravity  of  0.9930,  and  after  evaporation  and  addition 
of  water,  1.0098,  tlieu  1,0098  —  0.9930  ^O.OlfiS,  and  1,000 
—  0.0168  =  0.9832 ;  by  referring  to  the  tables  it  is  found  that  alcohol 
of  0.9832  specific  gravity  at  16.6°  C.  (60°  F.)  ci)ntains  between  10  and 
11  per  cent,  by  weight,  or  between  12  and  13  per  cent,  by  volume,  of 
absiilute  alcohol. 

R^  wines  are  trequently  colored  artificially  with  aniline,  which 
coloration  may  be  detecteii  by  the  tests  officially  direet*?d  for  that 
pur|3ofie.  If  red  wine  be  mixed  with  twice  its  volume  of  potoflsa 
3[ution  and  a  small  quantity  of  chloroform,  and  the  mixture  then 
irefully  hcatixl,  the  presence  of  certain  aniline  colors  will  develop  a 
very  disiigrci*able  odor,  due  to  the  formation  of  isonitriL  Fuch>?tne 
may  l)C  detected  by  the  crimson  color  imparted  to  uncolored  silk  fibro 
placHxl  in  con  tad  witli  a  mixture  of  acetic  acid  and  an  ethereal 
extract  of  rod  wine  previously  treated  with  ammonia  water  in  exoess  ; 
as  the  mixtuiT  is  evaj^oratitl  in  a  |>oreelain  <lish,  the  color  is  dc- 
vt'loiKHl.  Ilydnxhioric  acifl  shmdd  not  prmltiw  r»xl  color  if  added 
to  a  filtrate  obtained  frnrn  shaking  warm  i-cfi  wine  with  manganisse 
dioxide,  showing  the  absi^nce  of  sulpho-fuchsinc. 

The  Official  MKniCATED  Wines.  Of  these,  two  are  prepared 
by  pent>Intion,  two  by  raaceratioii,  and  four  by  simple  solution  of 
the  mt*dinnal  agent  in  the  menstntiim. 
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Table  of  Offic?ial  Wines  showing  Strength  and  Menstruum  Used. 
Made  by  Percolaiion. 


Official  Name. 


QoADtity  of  drug  used 
for  1000  Cc. 


FineneM  of 
Powder. 


HeDBtniiim. 


Quantity  of 
Menstruum 

used  for 
moistening 
the  drug. 


Vinum— 


Golchici  Radicif  .  1 1     Root 
ErgotfB  .....     Ergot 


,  /  Colchicum     400  Gm  ) 


-  I        No.  30 


) 


150  Gm. 


No  30 


(White  Wine  850  Cc. 

1  Alcohol  150  " 

f  White  Wine  STiO  •• 

t  Alcohol  150  •• 


100  Cc. 
40  Cc 


OwiDg  to  the  weak  alcoholic  menstruum,  both  drugs  should  l)e 
packed  only  moderately. 

Made  by  Maceration. 


Official  Name. 


I    Quantity  of  drug  used 
'  for  1000  Cc. 


Fineness  of 
Powder. 


Menstruum. 


Length  of 

time  of 
Maceration. 


f  Colchicum     150  Gm. )  i 


No.  30 


r  White  Wine   850  Cc.  1       ,  .  ,. 

150  "  ;    ^  ^y* 


Yinnm-— 
Colchid  Seminis  .  ,  t     Seed  jl        ^'^' ^  ([Alcohol 

^  opium  100  Gm.   )  >  Fine  Powder 
Cinnamon      10    ••     Vl        No. «)  f  White  Wine   850  ••    )       7  days. 

Clores  10    ••     )\        Jio.'M)  \  Alcohol  l-V)  "    j 


Wine  of  opium  is  of  the  same  morphine  strength  as  the  tincture, 
namely,  0.013-0.015  Gm.  in  each  Cc 

Made  by  Sim})ie  Solution, 


Official  Name. 


Vinam  Antimonii 


Vinum  Ferri  Amarum 


Yinnm  Ferri  Citratis 


Vinum  Ipecacuanha) 


Composition. 


Antimony  and  Potasninm  Tartrate 
Boiling  Distilled  Water 

Alcoh«)l 

White  Win<*,  Hufficieut  to  make  . 
SoluMe  Iron  and  Quinine  Citnite 
Tincture  of  Swt>ot  Orange  Peel    . 

Syrup    

White  Wine,  sufficient  to  make  . 
Iron  and  Ammonium  Citmto 
Tincture  of  Sweet  OrauKu  I*eel    . 

Syrup 

White  Wine,  stuffloient  to  make  . 
Fluid  Extnu  t  of  Ipecac 

Alcohol 

White  Wine 


4 

65 

15<» 

1000 

r>o 

150 
30i» 

1000 
40 
\M 
liiO 

10(N) 
KH) 
100 

wn) 


Gm. 
Cc. 


Gm. 
C«. 


Gm. 
Cc. 


Vinegrars. 

The  valuable  solvent  as  well  a.^  prt»servative  properties  of  diluted 
acetic  acid,  were  at  one  time  employed  for  a  larger  class  of  prepara- 
tions than  at  present,  of  which  the  vinegar  of  opium  and  vinc^r  of 
.squill  alone  are  now  recojjjnized  in  the  Pharmacopoeia.  The  official 
diluted  acetic  acid  is  made  by  mixing  one  part  of  36  {kt  cent.  acx?tic 
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acid  with  five  parts  of  water,  and  contains,  therefore,  6  per  cent,  of 
absolute  acetic  acid. 

The  Official  Vinegars.  These  are  made  by  maceration  and 
subsequent  expression,  and  represent  10  Gin.  of  the  drug  in  100  Cc. 
of  finished  product. 

Acetum  Opii,  YinegSiT  of  opiam  is  made  by  macerating  100  Gm. 
of  powdered  opium  and  30  Gm.  of  nutmeg  in  No.  30  powder,  with 
500  Cc.  of  dihited  acetic  acid,  for  seven  days,  with  frequent  agitation  ; 
after  expressing  the  liquid,  the  residue  is  mixed  with  200  Cc.  of 
diluted  acetic  acid  and  again  expressed.  After  mixing  and  filterine 
the  liquids,  200  Gm.  of  sugar  are  dissolved  in  the  filtrate,  and  suf- 
ficient diluted  acetic  acid  is  added  to  bring  the  volume  up  to  1000  Cc. 

Vinegar  of  opium  is  of  the  same  morphine  strength  as  the  tincture 
and  wine,  containing  0.013  to  0.015  Gm.  in  each  Cc. 

Acetum  Scillce,  Sauill  is  readily  exhausted  by  diluted  acetic  acid. 
The  PharmacojKXiia  directs  the  use  of  a  No.  30  powder,  but  as  the 
drug  swells  considerably  from  absorption  of  the  menstruum,  a  No.  20 
powder  will  \ye  preferable;  100  Gm.  of  squill  are  macerated  vrith 
900  Cc.  of  diluted  acetic  acid,  for  seven  days,  with  occasional  agita- 
tion, after  which  the  mixture  should  l)estraine<l  with  expression,  and 
the  residue  washed  with  sufficient  diluted  acetic  acid  to  bring  the 
volume  of  the  strained  liquid  up  to  1000  Cc.  It  will  be  round 
advantageous  to  set  the  strained  liquid  aside  for  three  or  four  days 
l)efore  filtering  it. 
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FLUID  EXTRACTS?* 


term  fliiM  extract,  in  its  present  acceptation,  h  applied  to 
coneentmtefl  alcolioUc  or  hydroalcoliolic  salntions  of  vejj^talJe  prin- 
ciples, which  are  |>erraanent  and  represent  all  the  active  virtues  of 
the  drugs  from  which  they  are  made  ;  they  are  officially  recognized 
in  the  i*harmac<>pieias  of  the  Uuiteil  States,  Great  Brifciin,  Ger- 
many, and  Switzerland,  diftering  but  slightly  in  strength  in  the  four 
oonntries. 

Fluid  extracts,  or  liouid  extracts,  as  they  are  called  in  Great 
Britain,  w^ere  first  intrcKiuced  about  the  year  1882  ;  their  origin, 
altliou^h  generally  credited  to  Amerii^-an  pharmacy,  belongs  more 
pn>bably  to  England,  since  in  1834  English  fluid  extracts  were 
already  known  in  thij^  country*  Prior  to  1847  very  little  interest 
amiears  to  have  been  taken  in  this  class  of  preparations  io  the 
United  States,  only  thi'ee  fluid  extracts  being  on  ret^ord  as  in  use 
at  that  time — namely,  senna,  valerian,  and  rhubarb  ;  from  that  time 
forward,  fluid  extracts  grew  in  favor,  and  the  Pharmacopfeia  of  1850 
gave  w^orking  formulas  for  seven  concentrated  solutions,  of  which, 
however,  only  one — valerian — is  deserving  of  the  title  of  fluid 
extract  in  the  present  definition  of  tliat  term  ;  two  were  oleorcsins, 
cubebs  and  black  pe[)per,  and  four  wneent rated  syrups,  rhubarb, 
sarsaparilta,  senna,  and  spigelra  and  senna.  In  1*S60  the  number  of 
fluid  extracts  officially  recogniz^  was  increased  to  ttf^nfy-Jive,  In  1870 
to  foiiif -six,  in  1880  to  seveidi/^iinc^  and  in  the  present  (1890)  edition 
of  the  Pliarmacopceia  eighty-eight  are  directe4L 

Prior  to  1880  the  strength  of  fluid  extracts  as  prescril>ed  by  the 
Pharmac*opreia,  was  1  grain  of  drug  to  1  minim  of  fluid  extract  ; 
sinci*  that  time  tlie  pharmacop<eial  strength  is  basetl  upon  the  relation 
of  the  metric  measures  of  weight  and  tmpacity,  so  that  any  weight 
of  a  given  drug  is  to  be  converted  into  a  fluid  extract  having  the 
hulk  of  the  same  weight  of  water  at  its  maximum  density,  or,  in 
other  words,  one  gntmmc  of  the  drug  is  represented  by  one  cubic  cen- 
iimtter  of  the  fluid  extract.  The  present  strength  of  official  fluid 
extracts  is  about  5  per  cent  weaker  than  formerly.  British  liquid 
extracts,  with  the  exception  of  thnee  of  male  fern.  ciuchoDa,  opium, 
pareira,  and  liquorice,  are  of  the  strength  of  one  avoirduj>ois  ounei* 
to  one  imjjerial  fluidounce,  which  praclictdly  corresponds  to  our  own. 
In  Germany,  each  gramme  of  drug  i^  reprtscntetl  by  one  gramme  of 
fluid  extract,  the  relation  being  weight  for  weight. 
^  All  the  official  fluid  extracts  are  directed  to  be  prepared  by  jiereo- 
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lation,  a  menstruum  uniform  in  alcoliolio  strength  being  empliiviil 
during  the  jirocess  of  exliaufltion.  When,  however,  glycerin  is  usecl 
with  the  tirst  portion  ut*  the  menstruum,  |KTcolation  is  continued  and 
finifilied  with  a  liquid  of  the  same  alcoliolie  strent^^th,  but  not  mixed 
w*ith  glycerin  ;  the  only  exeeplion  to  this  is  in  the  case  of  fluid  ex- 
tract of  wild  rherry»  where  the  clrug  i-*^  moisti-necl  and  fmckeil  with 
a  mixture  <»f  ^ly*t*riu  aud  wal<*r,  aud  then  |)ere<ilated  wilh  nlrohol 
and  water.  With  tlie  exception  of  caslauea  aud  tritiruni,  u  certain 
jKjrtiou  of  the  strun^^r  percolate  is  set  aiiide  as  a  reserve,  aud  the 
weaker  percolate  is  directed  to  Ix?  evanorated  to  a  soft  extract,  which 
IB  dissolved  in  the  reserved  nor! ion,  the  rectuisite  volume  of  fiuishHl 
product  beiug  made  up  with  fresh  mensitruum  containing  no  gly- 
cerin. By  evapomting  the  weak  percolate  to  a  Bot\  extract,  mtw^t  of 
the  water  ib  also  ex|)elletl,  and  the  com})aratively  small  portion 
remaining  witli  the  exti-act  will  tKx*asion  l>ut  a  alight  change  in  the 
menstruum  of  the  re*ierved  portion^  which,  at  the  «ime  tiraej  is  the 
best  solvent  for  the  extrmtive  matter  ;  finally,  the  addition  of  freah 
menstruum  will  not  change  the  alcoholic  strength  of  the  liquid. 

It  is  important  that  the  exhaustion  of  the  drug  Ix*  conducted  as 
carefully  as  possible,  so  that  the  reserved  portion  may  represent  a 
solution  of  nearly  the  wliole  active  virtues  f>f  tlic  tlrug  ;  with  this  end 
in  view  the  rate  of  per(*oIatiou  for  l(HX)  Gm.  of  drug  should  lie 
adjustetl  to  alwjut  8  dn)j>s  per  minute,  at  which  nite  alx^ut  2U  Cc,  can 
Im.'  collecte*!  in  an  hour.  In  tfje  hands  of  a  mreful  operator  lumdling 
such  quantities  as  an*  givru  in  the  pharuuicop«:eiaI  formulas,  the  offi* 
cial  pnx't'ss  yields  very  sati^^fartory  results,  and  the  danger  arising 
from  evaporation  **f  the  weak  pcrcolat**  may  well  lie  disreganled, 
since  fnmi  90  to  D5  jx-r  cent,  of  the  active  principles  are  nu»6t  likely 
contained  in  the  reserved  portion,  therefore,  only  a  trifling  j)ro[K>rtion 
of  tilt*  medicinal  virtues  of  the  drug  will  be  sul»jected  to  heat. 

The  iiftidal  directions  fur  the  prejmmtion  of  fluid  extracts  are 
intended  for  the  quantity  of  drug  designated  in  the  furnmlas,  and 
must  of  necessity  often  be  mcnlified  by  manufacturers  who  operate 
upon  hundrc^ls  of  pounds  at  one  time;  fineness  of  }K»wder,  degree  of 
packing  and  rat4?  of  iwiTolation  must  be  adapted  to  the  quantity  of 
material  in  liand.  ^lanufacturel^,  in  some  cases,  rchort  to  re{)eated 
mafcnition  and  expression  instead  of  |)en?olatiou. 

8|iecial  authority  is  given  by  the  Pharniacopfuia  to  employ^  where 
it  may  Ik*  applimblc,  the  prtK'ess  of  repereolation  without  change  of 
initial  mt-nstruum.  This  pro<x>45,  which  is  fully  describeil  on  page 
130,  i«  fo|lowe<!  by  sevend  nmnufacturers,  and  does  away  with  the 
pot«.*«ibinty  nf  injury  fr«»m  applic*atioTi  of  hrat.  Rcfwn^tjlation  is  par- 
ticularly adaptitl  to  the  pn-fHinitiou  of  fluid  extnirts,  and  tlie  only 
obji^lion  that  can  \n*  nrgtHi  aiiainst  it>*  us«*  is  tht*  cnforci'^l  niHrs-nity  of 
carrying  on  hand  a  w*ric!*  of  Ujttlcs  ccmtiiining  wt^iik  pt*n'olatc8,  for 
eftcli  fluid  extnui  made;  dii*regartling  tins  annoying  feiUure,  the  pro- 
oeMi  is  lens  troubU-Noroe  than  any  other,  and  in  ihecase  of  some  drugs 
imut  yiehl  fluid  extracts  oi'su]ieriur  quality. 
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All  fluid  extracts,  no  matter  bow  carefully  made,  will  \yQ^rm  to 
deptjsitsooa  after  they  are  complctctl,  and  tliis  preciipitation  will  con- 
tinue for  a  varying  length  of  time.  The  menstruum  di&solves  certain 
exlructive  principles  which  it  i.*^  incapable  of  retaining  in  perfect 
solutitm  altcrvvard  under  all  cliangea  of  temperalvire,  and  thus  far  no 
methotl  is  known  to  entirely  prevent  such  se|iaration»  which  is  aug- 
mentetl  by  exposure  to  liglit,  air^  aiid  heat.  Fluid  extracts*  preikare<l 
entirely  without  Ijcjit  are  less  prune  to  deposit  tlmn  when  made  by  the 
oiHcial  process,  and  in  these  the  an)ouut  of  precipitate  13  oileu  tV)Und 
very  tritling;  happily  fi^equent  examioatious  of  precipitates  in  fluid 
extracts  have  disclosed  the  fact  that  they  consist  chiefly  of  inert 
extractive  matter,  and  therefore  do  not  atFect  the  mediciual  value  of 
tlie  preparation.  All  freshly  made  fluid  extracts  should  In*  set  aside 
in  well  stop jH.' red  glass  vessels*  in  dark  and  mo<lei^tely  cool  places,  for 
a  (leriiKj  of  two  or  tlircv  months,  before  filtering  and  Ifottling  them; 
this  plan  is  universidly  followwl  by  large  manufacturers,  and  ex- 
[ilai us  the  al>senc<?,  in  many  cases,  of  appreciable  deposits.  Fharma- 
eistis  will  find  that  fluid  extracts  can  be  made  from  selci.'t  drugs,  on  a 
small  scale,  as  i>erfectly  as  in  large  quantities,  and  simple  apj>ear* 
once,  S4J  often  misleatling,  is  no  criterion  as  to  quality. 

With  the  exception  of  the  fluid  extracts  of  castanea,  nux  vomica, 
triticum,  and  wild  cherry,  all  the  fluid  extracts  of  the  Pharmacopteia 
are  prepare<i  by  tilt  following  general  formula  ;  the  quantity  of  men- 
struum fur  muistc»uiug  the  drug,  the  degree  of  pressure*  to  be  used  in 
imeking,  and  the  quantity  of  [leixsolate  to  be  set  aside  as  reserve  being 
ajKH^-iflt'd  in  eacli  i-ase: 

1000  (jm,  0/  the  pomlei-ed  drug  of  the  premribed  de^jrec  of  fint-  £!L^JjCJi*^ 
ne»s  are  thoroughly  moiataxed  with  a  certain  qiuiiititif  of  the  initial  y "?/;.  ^J 
tnensiruuvi  and  packed  more  or  less  firmly  in  a  cylindrical  percolator  ;  U/*^*"^  ^^ 
the  dmg  having  been  properly  centered  with  a  paper  diaphragm  ^enough  ^**^J'*"*^ 
mrnHtruum  is  poured  on  to  completely  saturate  the  powder  and  kare  a  ^i^WdR^A^ 
Men  turn  above  it.  When  flie  liquid  bef/ins  to  drop  from  the  percolator ,  (l^^^^i*^ 
close  tlic  lou?er  orifice^  and  having  closely  covered  the  percolator  to  pre- 
pent  evaponUioHf  macerate  for  forty-eigfU  hours.  Thai  allow  percola- 
lion  in  proceed  slowly^  gradually  adding  mmstruum  (afmhol  or  alcohol 
ami  tratrr)^  until  the  dntg  in  ejrhausled,  Urscrve  (he  first  700  to  900 
Cc.  of  tlie  percolate^  and  eniporale  (he  rnnaindrry  at  a  temfterature  noi 
txcrcdijig  *i()^  C>  (12*2^  F\  to  a  soft  rj;iravt;  dmmlve  this  in  (he  re* 
Si*rved  fMjrtion  ami  athl  enough  nmuftrumn  to  nuik^t  the  fluid  extract 
nmisure  lOTX)  Ox 

The  concent  ration  of  the  weak  percolate  is  usually  eflecteil  by  dis* 
tilling  utr  the  ah-ohol,  in  a  suitable  an  -  on  a  water-bath,  and 

Anally  eva[joniting  tlie  liquid,  in  a  ^  1  caiisule,  to  the  projKF 

CHiUsistem^f,  preierably  with  constant  stirring.  The  i*harmacopaia 
does!  not  io  every  ease  specify  the  tem(>erature  for  eva|K>ration,  l)ut 
it  is  l>est  to  ket-p  it  always  tielow  50**  C.  (122°  F.),  so  as  to  avoid 
changes  in  the  extractive,  as  far  as  {xxHsible. 

Of  the  eighty HJight  official  fluid  extracts,  seventeen  am  made  with 
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alcohol  alone,  two  with  alcohol  and  glycerin,  twenty-one  with  diluted 
dcohol,  forty-six  with  various  mixtures  of  alcohol  and  water,  or 
alcohol,  water,  and  glycerin,  and  in  two,  water  only  is  used  as  a  men- 


struum, although  the  preparation  is  finally  preserved  with  alcohol ; 
altogether,  sixteen  contain  glycerin.  In  the  case  of  four  drug}!>, 
conium,  ergot,  nux  vomica,  and  sanguinaria,  acetic  acid  is  ad<ieil  to 
the  initial  menstruum,  to  facilitate  the  extraction  of  the  alkaloidal 
principles  present;  in  the  case  of  senega  and  of  glycyrrhiza,  am- 
monia >vater  is  added  to  the  solvent,  to  prevent  gelatinization  in  the 
former  fluid  extract,  and  to  insurt*  complete  solution  of  the  sweet 
principle  in  the  latter  drug.  Arranged  accordiiig  to  the  menstruum, 
the  official  fluid  extracts  may  be  divided  into  twenty-one  classes,  as 
follows : 
/^  Made  with  alcohol:  Aromatic  powder,  huchu,  calamus,  t^annahis 
indica,  capsicum,  cimicifuga,  cubeb,  gelsemium,  ginger,  grindelia, 
il'is,  kusso,  lupulin,  mezereura,  savin,  venitrum  viride,  xanthoxylum. 
/  Made  with  al(M)hol  4  volumes,*  glycerin  1  volume  :  Cinc^hona. 
/       Made  with  alcohol  3  volumes,  glycerin  1  volume :    Cotton-root 

bark. 
J^       Made  with  alcohol  4  volumes,  water  1  volume :  Belladonna  root, 
eriodictyon,  jKKlophyllum,  rhubarb,  serix'ntaria. 
/  ^      Made  with  alcohol  3  volumes,  water  1  volume :  Aconite,  arnii^a 
root,   black-haw,  calumba,  eucalyptus,  guarana,  *i|)ecac,  leptandra, 
matico,  s<iuill,  stramonium  seed,  valerian,  viburnum  opulus.     Same 
menstruum  >vith  addition  of  acetic  acid:  Xux  vomica,  sanguinaria. 
y"     Made  with  alcohol   2  volumes,  water  1   vohime :  Bitter  orange 
1KH»1,  chirata,  coU^hicum  root,  colchicum  seed,  digitalis,  hyoscyamus, 
menis|H?rmum,  phytolacca  root. 
gl  $       Made  with  diluted  al<*olu)l  :  Asclepias,  chimaphila,  ctx*a,  ccmval- 
laria,  cyprijxMlium,  dulcamara,  eupatorium,  gentian,  lappa,  lol)elia, 
pilocarpus,  rhamnus  purshiana,  rumex,  S('o|)arius,  Scutellaria,  senna, 
spigelia,  stillingia,  taraxa(*um.     Siime   menstruum  with  a<l<]ition  of 
antir  acid  :  Coiiium,  <Tgot. 
r      Made  with  alcohol  f)  volumes,  water  8  volunu^s:   Frangula. 

Ma<le  with  alcohol   1  volume,  water   2   volum<»s :  Ciiiassia,  sarsa- 
parilla. 
/      Ma<le  with   alrohol  72  volumes,  water  18  vt)lunu^,  glycerin    10 

voluMu»s:   I^areira. 
/      Ma<le  with  alcohol  (55  volumes,  water  25  volum(>»,  glycvrin  10 

volumes:  A|XK»ynum. 
^      Made  with  alcohol  G  volumes,  water  3  vo1umh»s,  glycerin  1  volume: 

Asi)idos|HTma,  hydrastis,  rubus. 
jff     Ma<le  with  diluted  al(»oh<il  1^  volumes,  glycerin  1  volume:  Gera- 
nium, knmieria,  rlius  glal)ni,  re<l  rose. 
/      Made  with  aI<*ohol  5  volumc»s,  water  8  volumes,  |.>:Iyeerin,  1  volume  : 
Hamamelis. 
/     Ma<le  with  alcohol  3  volunus,  water  i\  volumt»s,  glycerin  1  volume  : 
Sars:i]>arilla  (compound  fluid  extract). 
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/  Made  with  alcohol  2  volumes,  water  5  volumes,  glycerin  3  vol- 
umes :  Uva  ursi. 

/  Made  with  alcohol  75  volumes,  water  20  volumes,  ammonia  water 
5  volumes:  Sen^:a. 

/  Made  with  alcohol  30  volumes,  water  65  volumes,  ammonia  water 
5  volumes :  Glycyrrhiza. 

/  Made  with  water  2  volumes,  glycerin  1  volume,  followed  by  a 
mixture  of  alcohol  85  volumes,  water  15  volumes  :  Wild  cherry. 

/  Made  witli  boiling  water :  Triticum.  The  finished  product  con- 
tains about  25  per  cent,  by  volume  of  alcohol. 

/  Made  with  boiling  water  and  cold  water:  Castanea.  The  finished 
product  contains  10  per  cent,  by  volume  of  glycerin  and  about  20 
per  cent,  by  volume  of  alcohol. 


Altuabetical  List  op  Official  Fluid  Extract8, 

Showing  the  fineness  of  powder^  mentftruHmy  dajrec  of  moiifhirey  and  reserve  pereolcUe 
direr  ted  by  the  Phnrmacojxtna. 


Fineness 

Quantity  of 
Menstruum 

Name. 

of 

Initial  Mvnutruum. 

to  moisten 

BcserTe 

■   powder. 

HWJOGui.of 
the  drug. 

rinld  Extract  of— 

j  .\lcohul 
t  Water 

7iV)  (V. ) 

Aconite       .... 

No.  GO 

•-'.70  ••  ; 

400  (.'c. 

IWO  Cc 

(  Alcohol 

l„'.4>    ••     1 

Apocynnm. 

"     (K) 

-  Glvrerln 
(  Water 

400    •' 

900    " 

Arnica  Boot 

••    fiO 

i  Alcohol 
1  Wat.T 

7r»o  '•  ■» 
2oo  ••  J 

400    •• 

900    •• 

Aromatic  Powder 

Alcohol 

[V^    " 

850    " 

AMslepias    .... 

No.*  CO 

Diluttfd  Alcohol 

4410     " 

900    " 

r  Alcohol 

G0<»  Cc. ) 

Aipidosperma     . 

"     (50 

J  <ilycfriu 

400    " 

800    " 

i  Wut»r 

ami  ••   1 

Belladonna  Boot 

"    GO 

f  Alcohol 
'{  Water 

350    •• 

900    •• 

Bitter  Orange  Peel     . 

'•    40 

<■  Alcohol 
'{  Wati  r 

3CH)  "  j 

350    •• 

800    " 

Buclm         .... 

"    r^j 

Alcohol 

44W)     " 

8.V)    " 

CaUmui     .... 

••     iM) 

Alcohol 

330     •' 

y<io   •• 

Oaluraba     .... 

••    20 

)  Alcohol 
J  Water 

Ifil)  Cc. ) 

3IX)    •• 

700    " 

Cannabu  Indica 

••    »» 

Ali'ohol 

:J4>0    " 

900    •• 

.       •♦     W) 

Alcohol 

500    ■• 

900    •• 

Castanea     .... 

*'     3<) 

C  IV.ilinK  Water  folloWHl) 
i      bv  »."oUl  Water              i 

Chimaphlla 

'•    3f» 

I)ilute<l  Alcohol 

400    •• 

700    •* 

ChlraU       .... 

••    30 

(  Ak'iihol 
\  Water 

rtn*  Cc. ) 
3<H)  '•   ) 

3:>o   •' 

SV)    " 

Cimicifoga 

••     M 

Alo.hol 

250    ♦• 

900    •• 

Cinchona    .... 

'•     60 

5  Alcohol 
I  Jilyceriii 

81  m  Cc.  ) 

•AM    ••    f 

350    " 

750    '• 

Coca 

••     40 

Diluted  Alcohol 

450     •' 

800    •• 

Colchicum  Rtiot 

••    CO 

(  Alcohol 
«  WatfT 

WN)  Cc.  > 

3,>0    " 

MO    " 

Colchicum  Seed 

•'    .T<» 

«  AIc«ihol 
1  Water 

an)  "  ' 
:jho  "    ' 

300    •• 

t^    •• 

Conium      .... 

'•    4(1 

i  i)ilnt*HJ  Alcohol  •»?«•   ••    \ 
■(  Acetic  Acid         LMn)   ••    . 

3O0     " 

9JK)    " 

OonTallaria 

"     t>> 

Dilutetl  Alcohol 

4«J0     •• 

8(«»    '• 

Outton  Root  Barls 

»•     30 

/Alcohol 
(^  (f  lycei  in 

7r.<)  iV.  \ 

MP)    •• 

71*0    " 

Cubeli 

••     iV) 

Alcohol 

4(M)     '• 

900    " 

G7|tri|>edlum  .... 

"     rti 

l>iliit»«d  Aloihol 

4i>»     •• 

yoo   " 

Digitalis     .... 

"    tio 

«  Alcohol 
,  Water 

:««)  ••  ; 

4(ii>     '■ 

itrd)   •• 

Dulcamara. 

••     iy» 

lUluted  Ale 

ihol 

404)    •• 

8«x»   •• 
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Name. 


Fineneai 

of 
powder. 


InitUl  MeDttruttm. 


Quantity  of 

I  Menstruum 

to  moiat«n 

lOOUCm.of 

tho  drufif. 


Reaerre. 


Fluid  Kxtmct  of- 
Ergot . 

Briodlctyon 

Eucalyptni 

Eupatorium 

FnngulA   . 

(Jelwmium 
G«ntian 

Oeimnium  . 

Ginger 

Glycyrrhiui 

Grindeli*    . 
GuarauA 

Ilaniamelia 

Ilydnwtis   . 

Hyoncyamua 

Ipecac 

IrU     . 

Kouwo 

Krameria 
Lappa 

Leptandra 

LolMflia 
Lupnlin 

Blatiro   . 

Meninpemiuui 
Mt'cervum  . 

Nux  rouiira 

I^arflra 

riiytulacra  Ku<»t 
l*il<N'arpu»  . 
Podopliylluin 

QuaMiia 

Rbanmui  PurMhiana 

Rhul«rl>     . 

RhuM  <ilalira 

Rul.iia 
Runi«-x 
SauKUiiiHriii 

Siir«ik|iHrlIU 


No.  60 


40 
40 
40 

m 

30 
30 
40 


SO 

ao 


40 


60 


GO 
40 


80 
60 

40 

60 
30 

GO 


40 
60 

60 
30 

40 

:io 


40 


•joo  "  / 

750   "   1 
250   •'   / 


/  Diluted  Alcohol  080  Go.  ) 
I  Acetic  Acid  20   "   j 

(Alcohol  800  "    \ 

\  Water 
i  Alcohol 
}  Water 

Diluted  Alcohol 
f  Alcohol  600  Cc.  ) 

(Water  aoo   *•    j 

Alcohol 

Diluted  Alcohol 
/  Diluted  Alcohol  900  Cc.  ) 
(Glycerin  100  "   J 

Alcohol 
(Alcohol  300  Cc.' 

<  Ammonia  Water  :^\ 


300  Cc. ) 

prM  "    > 

WO  ••  j 


7ftO  Cc. ) 
250  ••  I 
WW  '•  ) 
100  ••  - 
800 
600 
ICX) 

;ioo 

600 
3O0 
750 
2iJ0 


(Water 

Alcohol 
(Alcohol 
(Water 
I  Alcohol 
<s  Glycerin 
I  Water 
(Alcohol 
<  Glycerin 
1  Water 
f  Alcohol 
\  Water 
/Alcohol 
\  Water 

Alcohol 

Alcohol 
/Diluted  Alcohol  9U0Cc. 
\  Glycerin  100 

Diluted  Alcohol 
1  Alcohol  750  Cc.  \ 

\  Watt-r  250  ••   ) 

Diluted  Alcohol 

Alcohol 
f  Alcohol  750  Cc.  \ 

i'  Water  250 

Alcohol  600 

Water  300 

Alcohol 

{Alcohol  750  Cc. 

Water  26<»  " 

Act-tic  Acid  5o  " 

I  Alcohol  720   •' 

-;  Glycerin  1(«»   " 

\  Wal..r  iwi   •• 

(  Alcohol  tioo   " 

'(  WatiT  :t<«)   •• 

Dilute<l  Alcohol 
fAWohol  SOOCc. 

"i  WaU-r  2«»»   •• 

f  Aliohol  '.^*)   " 

(Water  »<••»   " 

Dilutfd  Alcohol 
f  Alcohol  MMMV. 

I  Water  2<«»   " 

/  I Hluti^  Alcohol  tmo  •• 
'<  itlycenii  !•■•   " 

Ihliite«l  Alcohol  riif» 


-} 


"I 


1  (ilyt  trill 
(  Al'-ohol 
-  ti'Ui-iTin 
(Wat-r 

IhluttNj  Aid 
(  Al.ohol 
'  Wnt.  r 
{AcvUr  A«lii 
I  Alr.ili.,1 
\  Wh|.t 


li'l 


.hoi 


:J00  Cc. 

400 

400 

400 

350 

300 
350 

ZTtO 

250 

350 

300 
200 


350 


400 

35i> 
400 
400 

400 
400 

too 

35<> 
200 


4o(» 
400 


H»50 


44M> 

:i.'io 

3O0 

4<"» 
40i) 
|(N) 

4'H) 


900 

ttfiO 

!N)0 
tUN) 


h,'iO 
800 


90ii  " 

900  " 

900  " 

WW  " 

700  " 

8O0  •• 

HOO  •• 

K"iO  •• 

700  *' 

850  " 

900  •• 


800 
850 
850 

900 
800 

7r-» 

800 
760 

70r» 
800 
850 

800 
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N«in«. 

fluid  Extract  of— 

Sanaparllla,  Compound 


Savin  . 
Scupftrius    . 
Scutellari* . 


Senega 

Senna 

Serpentaria 

Spigelia      . 

Squill 

Stillingia    . 

Stnununium  Seed 

Taraxacum 
Triticum 


Finenen 

of 
powder. 


UvaUmi     . 

Valerian     . 
Veratrum  Viride 
Viburnum  Opulus 

Viburnum  Prunifolium 


No.  30 

"  40 
••  GO 
••    40 


30 
GO 
60 
20 
40 
GO 


Initial  Menitruum. 


?} 
?} 


Wild  Cherry 
Xanthoxylum 


(Alcohol  300  Co.* 

X  Glycerin  100 

( Water  600 

Alcohol 

Diluted  Alcohol 
Diluted  Alcohol 
( Alcohol  750  Co. 

-;  Ammonia  Water  50 
(Water  200 

Diluted  Alcohol 
f  Alcohol  800  Cc  ) 

t  Water  200  "   J 

Diluted  Alcohol 
5  Alcohol  750  Cc.  \ 

{Water  250   "    j 

Diluted  Alcohol 
f  Alcohol  750  Cc.  ) 

t  Water  250   "   / 

30  Diluted  Alcohol 

Finely  cut,     Ikiiling  Water 
I  ( .\lcohol 
No.  30       ^  Glycerin 
I  Water 
..    ^     '<  Alcohol 

'"^     1  t  Water 
'•     60     !     Alcohol 
u    ej\     I  ^Alcohol  750  Cc. 

""       \  Water  250 

•  i    lui     I  J  Alcohol  750 

*""        1  Wnter  250 

I   f  (JIvcerin  UK) 

Wjitt-r  2110 


Quantity  of 
Menstruum 
to  moiflten 
1000  Gm.  of 
the  drug. 


200  Cc. 
300 
600 
750  Cc. ) 


Cc.  ) 


250 


>]' 


I  ■{   followed  by  a  mixt.  of  }• 
,      Alcohol  85<K'c.  I 

I   [Water  150   "    J 

I      Alcohol 


400  Cc. 

250  •• 

350  " 

350  " 

460  " 

400  •• 

300  " 

200  '• 

3<«  " 

300  " 

200  '• 

300  •• 


I       400 

I 
I 


I 


300  Cc. 
300  •• 
300    •' 

300    *• 


300 
250 


Reeerre. 


800  Cc 

•XK)  •• 

850  " 

800  " 

850  •• 

800  •• 

900  •• 

750  " 

850  •• 

850  •• 

900  •* 

850  " 

900  '• 

!.   860  •• 

'     900  '• 

I     850  *' 

i     850  •• 


I     800 


900 


Special  Remarks. 

Extradum  CastanciE  Flniduni.  The  exhaustion  of  chestnut  leaves, 
by  i)ercolation  with  cold  water,  is  a  teilious  operation  and  necessi- 
tates subsequent  prolonged  evaporation.  If  the  leaves  be  strongly 
expresseil  after  maceration  with  hot  water,  and  this  treatment  be 
repeattnl  on(»e  or  twice,  with  half  the  quantity  of  fluid,  the  extraction 
of  the  active  virtues  of  the  drug  will  Ik?  complete.  The  addition  of 
a  considerable  quantity  of  alcohol  to  the  concentrated  infusion  causes 
the  precipitation  of  mucilaginous  and  albuminous  matter,  which  is 
remove<l,  an<l  the  filtered  liquid,  after  evajK)ration  to  a  definite  volume, 
is  preserved  by  the  addition  of  glycerin  and  a  further  quantity  of 
alw)hol. 

Extrnctum  Gli/ci/rrhiza:  Fluiduu).  Liquoric*e  root  contains  a  sweet 
principle,  glycyrrhizin,  both  iii  the  free  state  and  combined  with 
ammonia,  the  former  being  insoluble  but  the  latter  soluble  in  cold 
water;  thf  addition  of  ammonia- water  to  th(^  menstruum  is  for  the 
pur|vose  of  uniting  ammonia  with  the  fri»e  glycyrrhizin,  and  thus  in- 
suring the  solution  of  th(»  total  sweet  principle  present.     If  liquoric»e 
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ViHit  which  has  Im^u  deprivi'd  uf  the  lirowo  corky  layer  l^e  used,  Uie 
flavor  of  the  fluid  fxtrart  will  tx?  liir  more  agi*et^able. 

Extradum  Lupidini  Fiuidum.  Lupiiliu  is  very  rieh  in  reftin,  whieh 
it  yields  n^adily  to  alcohol,  and  if  the  drug  be  moiflteneil  with  onetifth 
of  its  weight  of  meustruum,  anj  then  firmly  [laokLnl  as  diret'ted  in 
the  Pharruat'ofHpia,  the  ma^s  will  hoi^ome  aliaoKl  impermeable  to  the 
tnenstruum  subsequently  added  ;  it  is  therefore  better  to  paek  the 
lupuliii  without  previous  moisteuing,  which  insures  more  satisfaetory 
percolation. 

Exfrnelnm  NueiB  Vmnmt^  Fiuiflnm,  There  ap|)eard  to  be  little 
Oeressity  for  this  pn'parafitni  ahmtj:side  of  the  powdert^l  ex! met  and 
'  the  tint-ture.  The  oflit-ial  din^<'tions,  to  digest  the  finely  powdeRxl  drug 
for  forty -eight  hours,  in  a  tightly-8top|^>ered  vessel,  with  a  mixtun^  of 
aleoholy  water,  and  aeetic  aeid^  are  imjKtrtant,  and  without  ifiis  pn> 
Hminary  treatment  complete  exiiaustion  is  very  difficult,  as  the  artive 
principles  are  tenaciouhly  iml>e<lded  in  the  horny  allniminons  matter 
of  tfie  see<l,  wliieh  latttT  is  jsoftenetJ  by  the  aet^ic  aeid  and  heat. 
The  i^ntii'e  peixnilate  is  rt*dm\*d  to  a  definite  weight,  and  after  df*- 
termining  the  amount  of  alkaloids  piv-^t^ni,  the  residue  i*  dissolvt^d 
in  alcohol  and  so  much  of  a  mixture  of  alcohol  and  water  added 
that  each  Ce.  of  the  finished  product  ^hall  ei:mtiiin  0,015  Gm.  of 
alkaloids,  which  makes  the  fluid  extract  five  times  as  strong  as  the 
tincture  of  nux  vomica.  The  volume  of  fluid  extract  obtainable 
from  a  soft  extract  of  known  alkaloidal  sti'cngth  am  be  easily  caleu- 
lated  ;  thus,  if  the  extract  contains  exactly  1.5  per  cent,  of  alkaloid, 
each  gramme  of  extract,  containing  Oj)15  Cim.  of  alkaloid,  w^ill  yteld 
1  cubic  centimeter  of  fluid  extract;  but  if  it  contains  more  than  1,6 
per  cent.,  then  each  gnimme  will  yield  as  many  cubic  cx^^ntimeters  as 
1.5  is  c<»ntaine<l  times  in  tlie  number  expn^^sing  the  percentage  For 
instance,  sliotdd  tin*  «*xtnM*t  nintain  12.^)  |x»r  <3ent,  of  alkal  *i 

frumme  will  yield  8,S3  ^  C<M»f  flui^l  <»xtract;  for  12,5-1-1*5 
^roof;  1  0  Gm.  at  12.5  [hv  cent.  ==  0.125  (tm.,and  0.125  (iuu  -r- 
8.33+  ^=  0  015  Gm.,  tlie  amount  of  alkaloid  retjuiretl  by  the  Phar- 
Dia<i»jHria,  in  each  Vc 

F  '  '  '*      'litmv   Fluidum.      The  (»fBeiaI  formula 

yieli  iy  bitter  pfV|iaration.     Bark  which  has 

I  teen  storeti  at  h^asit  iwn  years*  should  Im»  us^ed,  jmi  as  to  oven^omc  llie 
'  tendency  to  griping  and  other  unpleasant  efftHts,  The socalltx!  taste- 
*  m  fluid  extract  of  ea^ieara  is  nsnally  pre|iored  with  the  aid  of  oal- 
jeroed  magnesia,  of  which  from  lOO  to  125  Gm.  are  mixed  with 
1000  Gm.  of  the  (>owdere<l  liark  and  made  into  a  soft  pa«(te  with 
I  water;  after  standing  for  twelve  hotin*  tlii  K  again  powdered, 

rami  |iercoIate<l  with  dilut4.tl  ah.*obol,  as  in  i  A  extract. 

Fixtrnduia  Pnmi  Vir^niantr  FlHiflum,    The  tbrmula  for  this  fluid 
extract  has  been  ri'tieateflly  ehangefl  with  the  view  of  injuring  greater 
[atability.     A  No.  30  (lowder  of  the  Imrk  seems  Wtter  a^hip^  for 
[finn  (Kicking  than  Xn.  20,  and  the  Pharmacopreia  onlenian 
iBarily  strung  alcoholic  menstnium,  the  flninhcd  priMluct  <- 
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per  cent,  of  aluohol.  A  menstruum  composed  of  alcohol  2  vnl- 
unu'Sj  glyc?erin  2  volumes,  and  water  6  volumes,  has  been  found  to 
yield  a  very  satisfactory  preparation,  which  precipitates  but  slightlyp 
mixes  clear  with  syrup,  and  retains  tijc  odor  of  liydrocyauic  acid  for 
a  long  time.  Repercolation  is  liest  adapted  ft>r  this  fluid  extract, 
Bim-e  its  value  depends  cbiefiy  upon  the  volatile  hydrocyanii!  acid, 
which  is  gtnierat*d  during  the  maceration  and  peivolatiou  of  the 
drujj;. 

Krtradum  lihci  Ftuklum,  The  very  lar^  pro|>ortion  of  alcohol 
directed  in  the  offixial  formula  has  been  found  necessary  after  a  series 
of  exjjerJments  witli  various  mixtures  of  alcoliol  and  water,  both 
with  an*!  without  the  addition  of  ^lyeeriQ,  The  present  tluid  extract 
precipitate's  only  very  slightly,  and  retains  its  original  fluidity  for 
several  years,  but  does  not  form  clear  mixtures  with  acjueous  or  sac- 
charine liqui<ls  unless  an  alkali  be  added. 

Exfradum  Stuiguinarpp  Fluidum,  This  fluid  ext  ract  formerly  caused 
mnt*h  annoyance  by  copiotis  pre<'ipitation  on  the  bottom  and  sides  of 
tlie  contaioei's.  The  presence  of  5  per  cent,  of  acetic  acid  and  a  less 
akrohnlic  menstruum  have  been  found  to  improve  the  character  of  the 
preparatitm,  but  precipitation  can  probably  never  be  entirely  pre- 
vented, 

Ktlradum  iktrMtparillce  Flmdum.  Since  glycerin  has  been  dropped 
from  the  official  menstruum,  a  slight  Increase  in  the  alcoholic  strength 
apjiears  desirable^  and  although  water  alone  is  i-apable  of  extracting 
the  virtues  of  sar^parjlla,  a  mixture  of  2  volumes  of  alctJiol  and 
3  volumes  of  water  will  yield  a  l)etter  and  more  stable  preparation. 

Kvtradmn  Scilla^  FhtUhim,  A  strongly  alcoholic  menstruum  is 
desirable  for  squill,  as  the  drug  contains  much  gummy  and  albu- 
minous matter,  which  would  aBect  the  stability  of  the  fluid  extract 

Ejr(rndum  SctUillariar  Ffnidnm.  When  made  with  diluted  ak*ohol 
t li is  flinVl  extract  does  not  keep  so  well  as  when  made  with  2  volumes 
of  alcohol  and  1  volume  of  water ;  hence  the  latter  mixture  is  to  be 
preierreth 

Ejcfradum  Senepfv  Ffuidum,  Ammonia  water  is  used  in  the  men- 
struuTu,  to  form  Sf»lublec<^mpounds  with  the  jiectin  principles  present 
in  the  drug,  arul  thus  prevent  gelati nictation  of  the  fluid  extract. 
The  active  virtues  oi'  senega  are  far  more  soluble  in  water  than  in 
jftleohol,  but  the  former  als*)  extracts  larger  prt)portions  of  i>e<:tiii 
iinjK>unds,  and  thr*se  must  l^  avoided  as  far  as  jxissible,  A  men- 
Wruum  corn|>oscd  of  2  volumes  of  alcohol  and  1  volume  of  water, 
witlj  the  addition  of  5  |>er  cent,  of  ammonia  water,  exhaUi^ts  the  drug 
thoniughly  and  yields  a  fM?rmanent  pnt*|»a ration,  hence  the  htrunger 
alciJiolic  menstruum  onlered  by  the  PriarmacHijxeia  is  unnecssary. 

Extractum  Stilitfu/iir  Fluidum.  This  fluid  extract  will  sometimes 
gelatinize  on  standing ;  this  may  l>e  avoided  either  by  using  a 
stronger  alcoholic  menstruum  (al(*ohol  3  volumes,  water  I  volume), 
or,  what  is  still  better,  by  adding  sugar  in  the  projiortion  of  10  or  12 
per  cent,  of  the  weight  of  the  drug. 
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-ri-i.;ii  Tt-itici  Fluiilum.  Altiiuiitrh  tlir  PlKirma<H)|>(iMn  dircrts 
-,  — i;'  .11  ^vitii  UlilinL;  water  t«i  exliaustioii,  di^iostion  of  the  iim*ly- 
.  .-.;^  *!I  W  fouuil  pri'fi'rahh*  in  t»v«*rv  way,  the  <»|H'nUinn  to  1k» 
-..•!.?,•-..  :*iv  •r  twiiv  as  niav  Ih»  iKM'cssarv  ;  the  iiifnsion  should  then 
•«  -^M>  .!^  ■'^Muriitnitiii,  aiui  when  <H)ld  mixed  with  ahvihol  and  set 
^,r.  .:  :»%«'  davs  wheit»l»v  the  miieihi^inon.s  and  album i nous  matter 
^  ^•fc^i'-.T^i.  The  tinishetl  pnHluet  (*(mtains  Hi)  jht  c^Mit.  of  alcohol, 
»  .    .     .^  ..vt>  the  s:iii'harine  liquid  a^rainst  fermentation. 

•■  .1  I  't-tf   I  'rsi  Fiuhlnm.    The  larjri*  quantity  of  ^lycvrin,  .'{0 

.»      -    .      ^•^tainl^l  in  the  otlieial  flui<l  <»xtraet,  irt  i>rol»al>ly  ne<'e>sary 

'.y-i'ii   wiili  the  very  weak  aleoholie  menstruum  onlen-d,  hut 

.>  V.  :>:•'»   kivpin^  etiually  well  ejin  Ih»  made  hy  usinj;  <lilut*'<l 

.:i^:  vMuiitins;  ll»e  j^lyeerin  entirely. 

. ,  .*.Mi  Wmtri  ViritliM  Ffuitfum.    There  seems  to  1k'  little  ur  no 

»    iw  ihin  pniianition,  as  the*  dru;;  is  well  re])res«'nte<l  by  the 

I:'  i-ai'efuliy  made,  the  fluid  extract  is  two  ami  a  half  times 

4^  .4>  ihc  tincture,  and  |)njs<»nts  all  the  alkaloids  and  resins  of 

v-.    II  I  he  lorm  of  a  cnncentratetl  solution. 


CHAPTER    XXIII. 

EXTRACTS. 

Extracts  are  permanent,  soft,  solid,  or  dry  prei^arations,  obtained 
by  evaporation  of  a  solution  of  the  niecHciual  principles  of  drugs. 
These  solutions  are  prepared,  as  a  rule,  in  the  manner  already  ex- 
plained under  fluid  extracts,  the  solvents  or  menstrua  emi)loyed 
being  either  water,  water  and  alcohol,  alcohol,  or  ether,  according  to 
the  different  menstrua  used  in  their  manufacture.  Extracts  are 
divided  into  aqueous,  hydro-alcoholic,  alcoholic,  and  ethereal,  the  last- 
named  class  being  recognized  in  the  Pharmacopoeia  under  the  name  of 
oleoreains.  In  fresh  plants,  the  solution  of  the  medicinal  principles 
is  represented  by  the  juice,  and  may  be  obtained  by  expression ; 
extracts  prejmred  by  simple  evaporation  of  the  fresh  juice  of  a  plant 
are  usually  known  as  inspissated  juices. 

Our  Pharmacopoeia  recognizes  but  one  extract  made  from  the 
fresh  plant,  extract  of  taraxacum,  since  the  narcotic  herbs  which  are 
extensively  used  in  Euro|>efor  this  purpose  are  not  indigenous  to  this 
country.  The  juice  is  obtained  from  the  fresh  plant,  after  removal 
of  extraneous  matter,  by  bruising  in  a  stone  mortar  with  the  aid  of 
a  hard-wood  i)estle  until  reduce<l  to  a  smooth  pulpy  mass,  which  is 
then  strongly  expressed  in  canvas  bags;  in  order  to  recover  all  the 
juic«,  the  residue  is  often  mixed  with  water  and  again  expressed. 
When  the  plant  is  not  sufficiently  moist  to  enable  the  formation  of  a 
soft  pulp,  water  is  sprinkled  over  it  from  time  to  time,  as  directed  in 
the  Pharmacopoeia. 

Besides  the  medicinal  principles,  the  expressed  juices  of  fresh  herbs 
contain  also  mucilaginous  and  albuminous  matter  in  solution  and 
variable  quantities  of  chlorophyll  or  gre<»n  coloring  matter  in  sus- 
l^ension  ;  of  these  the  albuminous  ))rinci))les  are  most  objectionable, 
as  Uj)on  concentration  of  the  juice  they  undergo  change  and  are  apt 
to  render  the  finished  extract  tough  and  insoluble.  When  roots  are 
expressed,  as  in  the  case  of  the  corm  of  colchicum,  starch,  which  is 
present  in  the  juic»e  in  place  of  chlorophyll,  passes  through  the  press- 
cloth,  and  must  \ye  remove<l  by  subsidence  and  decantation.  The 
British,  German,  and  French  Pharmacop<pias  direct  the  removal  of 
albuminous  matter  by  heating  the  juice  to  from  80°  to  90°  C.  (170° 
to  194°  F.)  and  filter! n«r.  The  coagulated  albumen  envelops  the 
green  coloring  matter  and  removes  it  also,  which  fact  is  disreganled 
in  Germany  and  Fnince,  and  a<'counts  for  the  brown  color  of  the 
extracts  made  from  fresh  herbs  in  those  countries.  In  Great  Britain 
the  chlorophyll  is  carefully  separate<l  by  heating  the  fresh  juice  to 
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lation,  a  ratTistruiini  uniform  in  al(x>holi<!  strength  Ixii 
dnriug  the  procei^s  orexhaimtiori.  When,  liowevfT,  glycvrin  is  uskI 
with  the  first  |>ortion  t»F  the  nienstruiim,  (R*n_'ohitioti  id  contioueil  ami 
finijihcd  with  a  limiid  of  the  satue  ak^hoiie  stn.*ngth,  but  not  mrxeil 
with  gly(x?rin  ;  the  only  exerptinii  to  this  m  in  the  aisi.*  of  fluid  ex- 
traet  of  wild  cherry,  wliere  the  drug  is  moistened  and  pa(*ke<l  with 
ft  mixture  of  glyeeriu  and  water,  and  then  i>ercolated  with  nlenhol 
and  water.  With  the  exception  of  eastanea  and  triticunj,  a  certain 
l^Kirtion  of  the  stronger  percolate  is  set  aside  as  a  reserve,  and  the 
M'caker  percolate  is  direcrtetJ  to  be  evaporated  to  a  soft  extract,  which 
is  dissolved  in  the  reserved  portion^  the  requisite  volume  of  finii^hwl 
product  l)eing  made  up  with  fresh  menstrnum  containing  no  gly- 
cerin. By  eva|H)niting  the  weak  j>erculate  to  a  soft  extracf,  mo!*t  of 
the  waU*r  i*  al8*>  exjielled,  and  the  comjwirutiveJy  small  portiou 
remaining  widi  the  exti^act  will  oecasitm  hut  a  slight  change  in  the 
menstruum  of  the  re<*erved  pt*rtion,  which,  at  the  same  time,  is  the 
best  solvent  for  the  extractive  matter  ;  tiually,  the  addition  of  fresdi 
menstruum  will  not  change  the  alcoholic  strength  of  the  linnid. 

It  is  important  that  the  exhaustion  of  the  drug  l^e  conaucted  as 
carefully  as  possible,  so  that  the  reserved  portiou  may  represent  a 
solution  of  nearly  the  whole  active  virtues  of  the  drug  ;  with  this  end 
in  view  the  rate  of  percolation  for  1000  Gm.  of  drug  shoidd  be 
adjusted  to  alwut  8  drops  jxt  minute,  at  which  rate  about  20  O.  can 
be  collecteil  in  an  hour.  In  the  hands  of  a  ain*ful  operator  handling 
such  quantities  as  are  given  in  the  pharmac^>p(eial  formulas,  the  offi- 
dal  pnwx'S-s  yields  very  satisfactory  results,  and  the  danger  nrisinj^ 
from  evnporation  of  tfje  weak  percolate  may  well  he  disreganled, 
simv  from  90  to  1»5  per  cent,  of  the  active  principles  are  most  likrly 
(X)ntatmd  in  the  reserved  portion,  therefore,  only  a  trifling  pnijiorlron 
of  the  metiit^inal  virtues  of  the  drug  will  be  .suliJH'tcHl  to  heat. 

The  otiicial  d inactions  for  the  pnpinition  of  fluid  exlmets  an* 
inti^ndnl  for  the  tpiantity  of  drug  deaignatetl  in  the  formulas,  and 
must  of  ncK^essity  often  bo  modified  by  manufacturers  who  oj>erate 
UfKin  hundreds  of  ]K>ut)ds  at  one  time;  flneness  of  powder,  degree  of 
packing  and  rate  of  pei-colatioii  must  be  adapted  to  the  quantity  of 
material  in  hand,  )Ianufacturers,  in  some  cases,  resort  to  re|)eated 
nwn^ration  and  expression  instead  of  |)ercolation, 

S|^»ecial  authority  is  given  by  the  Pljarmacojxpia  to  employ,  where 
it  may  Ik?  applicable,  the  process  of  repereolation  without  change  of 
initial  menstruum,  Thi-^i  proccw,  which  is  fully  describcil  on  jMige 
130,  i«  follower!  by  wveril  manufactnrens,  and  does  tt\«iy  with  the 
jRi^^ihility  of  injury  fnun  applii-ation  of  heat,  Ilt^pi'ivolation  is  pnr- 
ticidarly  adapts!  to  the  pn  |)anitioii  of  fltitd  esjtnidi*,  anti  the  only 
oliJiH'tinn  that  ciui  In*  urgf^l  against  its  use  is  the  enforciHl  ncni'ssity  of 
ctirryiug  <in  hand  a  wrii^  of  tn^ttiiT*  fHiutaining  weak  jMTcolatc«,  for 
eiich  fltiid  extrati  made;  dir*r«^iirrling  ihts  annoying  fmtnn%  tlte  pn>- 
OfBig  is  lei4§  ti      '  '  rliaii  Htiy  tither,  and  in  th^tcn^  of  some  drugs 

maft  yield  K  of  eiipcriur  quality. 
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It  19  not  known  whether  the  so-ciUled  colorlesn  extradivt  is  nlike  in  all 
plants,  neitlier  is  its  ct>m  posit  ion  or  the  natui*e  of  the  changes  pnjdui*ed 
under  tlie  cH>nditions  Dienttoned  known,  except  that  the  heat  of  boil- 
injj;  walrr  anJ  the  proloni^wl  artion  of  oxycnen  will  convert  it  ulti- 
mately into  a  blackish  insohible  substance,  to  which  the  name 
apothrmr  has  b*:^n  ^ivcn,  and  wliich  appears  to  l>e  allied  to  Immin. 
Lxlractive  is  almost  insoluble  in  absolute  alcohol  and  ctlier,  but  dis- 
solves freely  in  weaker  alcohol  and  water,  and  is  removed  from  its 
solution  by  animal  charcoal  and  aluminum  hydroxide,  the  more 
readily  after  it  has  beoi»me  colorcni  by  oxidation.  It  is  with  difficulty 
freed  from  all  admixtures,  and  the  terms  sweet,  bitter,  aerid,  etc.,  as 
apjdietl  to  extractives,  refer  to  thi*  same  btxiy  in  a  more  or  less  altered 
condition^  combined  or  intimately  mixed  with  other  principles  to  which 
the  peculiar  taste  is  due.  The  injurious  influence  of  air  and  heat  upon 
_  }ie  vegetable  juices  is  mainly  confined  to  the  alterations  of  this 
Extractive,  and  extends,  in  a  limited  dt^ree  only,  to  the  majority  of 
the  well-defined  prineiples.  Its  ettects  have  often  been  mucli  over- 
rated, exc4*pt  a-t  rei^rds  the  apparance  of  the  extracts.  The  color 
of  the  ditfei'ent  extrat^tf*  varies  with  the  nattu'e  of  the  dru^  from 
which  they  have  lieeu  matle,  but  siiould  never  be  black.  The  char- 
acteristic taste,  and  to  some  extent  alsti  the  mlor  of  the  drui^,  should 
be  pen'eived  in  the  extracts,  and  these  should  yield  a  nearly  clear  or 
nn>derately  turbid  solution  with  the  menstruum  used  in  their  pre- 
paration. 

Aqueous  Extrach^.  While  deccx^tion  in  some  c^ses  increases  the 
yield  of  extract,  by  l)ringin^  into  solution  starch  and  other  inert 
matter,  it  more  frequently  injures  the  quality  of  the  pn>rluct,  by  in* 
ducing  changes  in  (Certain  principles,  which  Ao  not  occur  by  infusion 
at  lower  temperatures.  Thetx*  is  l»ut  one  instance,  that  of  extract  of 
logw<Hjd,  in  whieh  the  PhartuacojMeia  dirc»</ts  extntetiou  by  lioiling, 
and  tliis  is  on  account  of  the  dilBculty  of  exhausting  the  tough 
wood.  In  Eui*oi>e,  digestion  is  still  preferrcMl  for  a  few  aqueous 
extracts,  but,  as  a  rule,  maceration  and  percolation  with  cold  water 
have  bei'n  tbund  to  yield  superior  extracts.  For  the  better  extrac- 
tion of  the  aetive  virtues  of  the  drug,  an  addition  of  acid  or  alkali 
is  sometimes  made,  as  in  the  case  of  the  official  extracts  of  ci:»lchicuni 
root  and  pure  extract  of  glycyrrhiza.  In  tlic  pi-eiKinition  of  aqueous 
extracts  the  sohition  is  frceil  from  objectionable  matter,  whenever 
neccsiisary,  by  heating  to  the  boiling-point  and  sti^aining  before  final 
evaporation. 

In  1889,  the  plan  of  c-oncc^ntrating  large  volumes  of  aqueous  solu- 
tions of  extracts  by  means  of  cold  was  forranlatal  by  >l.  Adrian ^  a 
French  [)liarraaci8t,  and  |)Ut  into  pnietic**  on  a  large  scailc.  Follow- 
im;  up  the  suggestions  of  Ilerrera  (1877),  M,  .\drian  snbjrrt?*  the 
filtered  aqueous  scdutious  to  a  temjH-niHirc  of — 20^  (J,  ( — 4  F.),  in  an 
ammonia-ice  appamtus,  and  thus  obtains  large  blo^'ks  of  ice,  in  which 
t[»e  extractive  solution  is  cnvelu(H*d,  the  nurt?  water  alone  fmVmg  ; 
these  blocks  of  ice  are  rapidly  converted   into  anow^  by  meiiua  of 
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alcohol  alone,  two  with  alcohol  and  glycerin,  twenty- one  with  diluted 
jlcohol,  forty-six  with  various  mixtures  of  alcohol  and  water,  or 
alcohol,  water,  and  glycerin,  and  in  two,  water  only  is  used  as  a  men- 


struum, although  the  preparation  is  finally  preserved  with  alcohol ; 
altogether,  sixteen  contain  glyctTin.  In  the  ease  of  four  drugs, 
conium,  ergot,  nux  vomi(a,  and  sanguinaria,  acetic  acid  is  addcnl  to 
the  initial  menstruum,  to  facilitate  the  extraction  of  the  alkaloidal 
principles  present;  in  the  case  of  senega  and  of  glycyrrhiza,  am- 
monia water  is  added  to  the  solvent,  to  prevent  gelatinization  in  the 
former  fluid  extract,  and  to  insure  complete  solution  of  the  sweet 
principle  in  the  latter  drug.  Arranged  acconling  to  the  menstruum, 
the  official  fluid  extracts  may  l)e  divided  into  twenty-one  class€»s,  as 
follows : 
/^  Made  with  alcohol:  Aromatic  |)owder,  Inu^hu,  (^alamus,  eannalns 
indica,  capsicum,  cimicifuga,  cubeb,  gelsemium,  ginger,  grindelia, 
Ws,  kusso,  lupulin,  mezereum,  savin,  veratrum  viride,  xanthoxylum. 
/  Made  with  alcohol  4  volumes,*  glycerin  1  volume  :  Cinchona. 
/        Made  with  alcohol  3  volumes,  glycerin  1  volume :    Cotton-root 

bark. 
J*       Made  with  alcohol  4  volumes,  water  1  volume :  Belladonna  rcH)t, 
eriodictyon,  podophyllum,  rhubarb,  serjx^ntaria. 
/  f      Made  with  alcohol  3  volumes,  water  1  volume :  Aconite,  arnica 
root,   black-haw,  (*alumba,  eucalyptus,  guarana,* ipecac,  leptandra, 
matic*o,  squill,  stramonium  seed,  valerian,  viburnum  opulus.     Siune 
roenstrunm  with  addition  of  acetic  acid :  Nux  vomica,  sanguinaria. 
y"     Made   with   alcohol   2  volumes,  water  1   volume :  Bitter  orange 
l)eel,  chirata,  c^olehicum  root.  cx)lchicum  seed,  digitalis,  hyoseyamus, 
menis|)ermum,  phytolacra  root. 
gi  $       Made  with  diluted  alcohol  :  Aselepias,  elnma|)hila,  coca,  conval- 
laria,  cyprijxHlium,  duKramara,  eu|)atorium,  gentian,  lappa,  lol>elia, 
pilocarpus,  rhamnus  purshiana,  rumex,  s<'oparius,  Scutellaria,  senna, 
spigelia,  stillingia,  tiiraxacum.     »Same  menstruum  with  addition  of 
aceti<*  acid  :  Conium,  ergot. 
r      Made  with  alcohol  5  volumes,  water  8  volunu^s:   Frangula. 

Made  with  alcohol   1  volume,  water   2   volumes:  (Jua>sia,  sarsa- 
parilla. 
/      Made  with   alcohol  72  volumes,  water  18  volumes,  glycerin    10 

volunu^s:  Pareira. 
/      Ma<le  with  alcohol   ()5  volumes,  water  25  volumes,  glycerin   10 

vol  u  mes  :  A  |x  )cy  num. 
^      Made  with  alcohol  fj  volumes,  water  3  volumes,  glycerin  1  volume: 

A8i)idos|X'rina,  hydrastis,  rubus. 
Jf     Slade  with  diluted  alcohol  \^  volumes,  glycerin  1  volume:  Gera- 
nium, krauKTia,  rhus  glabra,  retl  rost\ 
/      Made  with  al<\»hol  5  volunu»s,  water  8  volumes,  j.>:lycHMin,  1  volume  : 

Hamamelis. 
/     Made  with  aleoliol  3  volumes,  water  <>  volumw,  glycerin  1  volume  : 
Sarsjiparilla  (compound  Hui<l  extract). 


FLUID  EXTRACTS. 


259 


/  Made  with  alcohol  2  volumes,  water  5  volumes,  glycerin  3  vol- 
umes :  Uva  ursi. 

/  Made  with  alcohol  75  volimies,  water  20  volumes,  ammonia  water 
5  volumes :  Senega. 

/  Made  with  alcohol  30  volumes,  water  65  volumes,  ammonia  water 
5  volumes:  Glycyrrhiza. 

/  Made  with  water  2  volumes,  glyceriu  1  volume,  followed  by  a 
mixture  of  alcohol  85  volumes,  water  15  volumes  :  Wild  cherry. 

/  Made  with  l)oiling  water :  Triticum.  The  finished  product  con- 
tains about  25  per  cent,  by  volume  of  alcohol. 

/  Made  with  boiling  water  and  cold  water:  Castanea.  The  finished 
product  contains  10  per  cent,  by  volume  of  glycerin  and  about  20 
per  cent,  by  volume  of  alcohol. 

Alphabetical  List  op  Official  Fluid  Extracts, 

Showing  the  fineness  of  powdery  menstruum,  deiiree  of  moisture,  and  reserte  percolate 
directed  h\j  the  Phnrmacojxiia. 


Quantity  of 

Fineness 

Menstruum 

Name. 

of 

Initial  Monstnium. 

to  moisten 

Beserre 

powder. 

DlOOGm  of 

the  drag. 

Flaid  Extract  of— 

f  Alcohol 

700  (V. ) 

Aconita 

No.  GO 

t  Water 
(  Alcohol 

400  Cc. 

IHK)  Cc 

Apocynum . 

"    OO 

<  (Jlyrerin 
(  Water 

DM)   •'    > 

400    •• 

900    " 

25*»   ♦•    1 

Arnica  Boot 

••    «) 

(  Alcohol 
\  Water 

250   ••   ) 

400    •• 

900    '• 

Aromatic  Powder 

Alcohol 

3W>    " 

850    •« 

Asclepias    . 

!      NoV'co 

Diluted  Alcohol 

400    " 

900    " 

(  Alcohol 

\m  cc. ) 

Aipidosperma     . 

.           "    00 

-{  r.lycerin 

400    '* 

800    " 

1  Water 

lUnt   *•    1 

Belladonna  Boot 

.     '      "    GO 

f  Alcohol 
\  Water 
«- Alcohol 
\  WatiT 

S0<)  "   > 

3.'i0     •' 

900    " 

Bitter  Orange  Peel     . 

••    40 

300   •♦   1 

350    •• 

800    " 

Bochu 

"     GO 

A  Icohol 

4or)    •• 

MO    •' 

Cakimuf 

"     U) 

Alcohol 

350    •• 

WK)    •• 

Oalumba 

»•    20 

(  Ahx>hol 
\  Water 

T.'iO  Cc. ) 

250  *•  y 

30r)    •• 

700    " 

Caonabu  Indica 

••    2(» 

Alcohol 

30<)    •• 

900    *• 

Ca|Micuiu    . 

"     GO 

Alcohol 

ooo    ♦' 

900    •• 

GanUnea     . 

.    '     "   ao 

CIJolIiiiK  Water  followHl) 
i      I.T  i'old  Water             / 

Chimaphila 

"    30 

Dilute.1  Alcohol 

400    " 

700    •• 

CbiraU 

'•    30 

r  A  Icohol 
( Water 

Giiit  Cc.  > 
3(10   ••    f 

300     •• 

^50    •• 

Cimicifuga 

"     60 

Alcohol 

250    ♦• 

900    •• 

CiDchoDa    . 

'•     60 

5  Alcohol 
J  <;iyceriii 

m)  Cc. ) 

200    ••    f 

360    •' 

irA)  •• 

Coc-a    .... 

"    40 

Diluted  Alcohol 

450     " 

800    " 

Colchlcuni  lloot 

••     GO 

i  Alc.hol 
t  Witter 

GOO  Cc.  \ 

350    " 

850    " 

Colchicum  Seed 

••     30 

1  Alcohol 
1  Water 

.3»M)    "      ' 

300    •• 

850    •• 

Conlum 

•*     4^» 

(  Diluti-d  Alcohol  JWJ   "   \ 
\  Acetic  Acid         ii<J<»   ••    j 

300     •• 

90()    •• 

Conrallaria 

"     G«» 

Diluti-d  Alcohol 

400    •' 

mt  •• 

Cotton  Boot  Bark 

•'     30 

/Alcohol 
(tJlyceiin 

7.'n)Co.\ 
2.^0   '•    J 

«iO    •• 

7<M>    " 

Cnl)eb    .... 

"     •ll) 

Alcohol 

HH)    " 

900    •• 

Cyiirtpedium  .    . 

"     U) 

Dilute<l  Alcohol 

4<>0     •• 

900    •• 

DigUalif     . 

*'      t'4i 

\  Alcohol 
1  Wiitt-r 

♦100  Cc.  ) 
3<»0    '•     1 

HH)    " 

8:.o  *• 

Dalcaiiiam . 

••    tm 

Diluted  Alcnhi 

.1 

400     •• 

Pin)    •• 
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Fcl  Bovis  Purificatum,  U,  S.  P.    Fresh  ox-gall  contains  considera- 
ble mucilaginous  matter  which,  upon  concentration   of  the  former, 
renders  the  inspissated  mass  tough  and  unmanageable;  this  can  be 
removed  with  alcohol,  and  as  liquid  fresh  bile  is  unfit  for  internal 
administration,  purification  is  necessary.    The  PharmacojKeia  dircH'ts 
that  fresh  ox-gall  be  evaporated  on  a  water-bath  to  one-third  its 
volume,  and   then    mixed  with  an  equal   bulk  of  alcohol  an<l  set 
aside  in  a  covertni  vessel  for  thnn*  or  four  days ;  the  clear  solution  is 
then  decanted,  the  remainder  filtere<l,  and  the  mixeil  liquids  evajwr- 
ated  to  a  pilular  consistence. 
>^^A  simple  test  of  the  quality  of  pnrifie^l  ox-gall  is  to  dissolve  it  in 
f    water,  when  a  clear  solution  should  rt»sult  which  should  n^inain  trans- 
I     parent  upon  addition  of  an  equal  volume  of  alcx)hol. 

The  Official  Extracts. 

Of  the  thirty-two  extracts  recognizt<l  in  the  Pharmacopopia,/^^^ 
are  made  with  alcohol,  Aconite,  Indian  Cannabiit^  Chnivifuf/a,  Irin, 
Jalap,  and  Phi/sostigma  ik^^avQ  made  with  a  mixture  of  al(;ohol  4 
volumes  and  water  1   volume,  Podophi/llum,  and  Rhubarb  .ifcliree 

water  1  \{\\ 


are  made  with  a  mixture  of  alcohol  3  volunu»s  and  ,»«tvi  x  >w,„t.iv 
CHnchona,  Leotandra  and  Nux  Vomica  {with  addition  of  acetic  acid)  Jj 

(^QiiL  »re  made  with  a  mixture  of  alcohol  2  volumes  and  water  1 
volume,  Belladonna  Ijcaves,  Bif/itafiM,  EnonifmuH,  and  IlyoHcyamus^ 

(w^  Hfc  made  with  diluti-d  alcH>hol,  Arnica  Root,  CohK\ynthy  Conium 
Jtcith  addition  of  acetic  acid),  Eryot  {with  addition  of  acetic  acid). 
Stramonium  Seed,  and  Jut/ianH  jlAiue  is  made  with  ami.rture  o/ alco- 
hol 2  volumes  and  water  T)  volumes,  Unt  P/W  J^eiylit  are  made 
with  wat<'r,  A/ocm,  OtMticnm  Hoot  [with  addition  of  acetic  acid), 
Gentian,  (rlycyrrhiza  {with  addition  of  ammonia  water),  Jfainatoxi/fon, 
Krameria,  ()jfium,and  (^uuHMia  .•)oiie  is  an  inspissiited  juice,  Taraxa- 
cum; one,  ciilletl  a  compound  extra<t,  is  made  by  mixing  the  several 
ingHMlients  to;:ether  and  then  pow<lering  the  mixture.  Compound 
Extract  of  Coloci/nth, 
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Alphabetical  List  of  Official  Extracts, 

Showing  the  fineness  of  the  powdered  drug^  the  menstruum  used,  the  required  moisture, 
and  the  average  yield. 


Fiaenew 

!        of 
!  Powder. 


Extractum —  ' 

AconiU  .  .  . 
AIom  .... 
Arnicn  B«dicis 
BellAdonnie  I 
Folionini  > 
AlcohollcumJ 
Cannabif  Indica* 
Cimidfugx  .    . 

Ciochon*     .    . 


Colchici  lUdicU 

ColocyDtbldis  . 

Colocynthidis 
Compoflitum 

Conii  .... 
DigiUIU  .    .     . 

ErgoUB    .    .    . 

Kuonymi      .    . 

OvDtianae 
Glycyrrhizn     ) 
Purum  / 

llfematuxyll 

IIy(t8cyanii  .     . 

Iridia  .  . 
JulapiB  . 
Jag  land  U 
Kramcrins 

Leptandrw 

Xucia  Vomicn  . 

Opii     .    .    .     { 

Phyaostigmatiii 

Pwiophylli    .    . 

QuaasiK  .     .     . 

Rhel    .... 

HtramoiiilS<'inlu. 
TaraxHt'i  .     .     . 

rrm  rn»i     .     . 


No.  60 

""""66 


2() 
GO 


Menstruum. 


Alcohol 
Boiling  Water 
Diluted  Alcubol 


1 
Quantity  of 
menstruum  ' 

to  nuii»teu  '  Degree  of  Reserre. 
1000  Gm.  of    Packing, 
the  drug.    I 


Arerage. 
Yield. 


I 


f  Alcohol 
(  Water 


2  vols. 
1    " 


CO 


Alcohol 

Alrohol 
r  Alcohol  T.^O  Cc. 

J  Water  2M  ♦' 

I      followed  by  dilated 
I     alcohol 

(Acetic  Acid        3r.O  Cc. 
■I  Diluted  Alcohol  Vm  "  '- 
(^   followed  by  Water       j 


400  Cc. 

iVto""" 


300 


350 


600 


Firm 
Firm 


900  Cc 

IKX)    " 


.  Moderate 
f 


20  i»er  ct. 
60      •• 
25      " 

20      •• 

12%  •• 
15       •• 

20      " 
22      '• 


20 


No.  40 
"    GO 

"     GO 


A      Yrom   ■) 


u 


15 


From 
pulp 

Dilated  Alcohol ■{      Yrom 

pulp  A,  I 
seed     I 
This  Extract  is  a  mixture  of  lOO  parts  Extract  of  Colocyntb,  500  |iarts  of  Purified 
Aloes,  140  parts  i-ucb  of  Rewin  of  ScHminuny  and  Soap  and  GO  parts  of  Canlamom. 

( Alcohol  2  vols.  I         .,^.    .,  ,,  .,.       „ 

i*  Water  1  vol.    >         *^^  -* 

Acetic  Acid  2ft  Cc.  )        o,w»    ..  ..         >  a\i\r.>      1^      •« 

Diluted  .Mcohol  1«MJ  ••     )        •*^'  *^''^ ' '  •     ^^* 

Extract  of  Erp>t  is  officially  directed  to  be  made  by  simple  evaporation 
of  the  fluid  extract 


No.  30 

"  20 

••  20 

Rasped 

No.  GO 

"  GO 

••  iHi 

"  .TO 

•'  40 


(  Alcohol  2  vols.  > 

\  Water  1  vol.    > 

Water 
(  Ammonia  Water  150C<:.  > 
(  Water  Iimk)  -    / 


Wut««r 

r  Alcohol 
I  Wat.'! 


2<i'iO  Cc. 
lIXK) 


Very  fine 
powder 

No.   84) 

••  GO 

••  20 

•'  30 

••  GO 


1      followe<l  by  diluted 
I  aK-oiiol 

Alcohol 

Alc».hol 

Diluted  .\lcobol 

Water 
(  Alcohol 
1  Water 
I  Acftlc  Acid 
<  Alcohol 
(Wattr 


3  V(»l«.  ) 
1  vol.  i 
iH)  Cc.  ) 

764 »  ••      . 

250  •'    ) 


4(iO  Cc 

Firm 

24  >  per  ct. 
;j3     *• 

40i>    " 

lIKKI     " 

Bloderate 

20      •• 

10      " 

40'»    *• 
44N)    " 

Firm 

liOOCc. 

24       •' 
IG       •• 

44H>     •' 

'JiOCc 

18       •• 
15       •• 

o4li)      *• 

12       " 

4«J4J      " 

Firm 

12       " 

Water 


No.  34 > 


Alcohol 
4  Alcohol 
(  Water 

Wat«'r 
(  Alcohol 
I  Water 

Diluted  Alcohol 

The  othciitl 
r  Al.obol 
J  Water 


4  Tt)l(l    » 

1  vol.  ; 

4  vol*.  I 

1  vol.  ; 


44"» 

34  M.) 
4«iO 
44JO 


Firm 


900  Cc. 


xtratt  it  an  inrtpiiMateii  jnlcc. 


10li4H.V. 
'J4hMV 


G  |)or  ct. 
20      •• 

4      " 
25       * ' 
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Special  Remarks. 


t^mctuin  AconitL  If  carotuUy  prepan^d,  this  extract  repres<»iit8 
all  tho  artive  principles  of  aconite  roi>t,  in  a  very  concentratcil  fonn; 
it  is  aU>ut  five  times  as  powerful  as  the  root  its<'lf  or  the  fluitl  extract, 
anil  should  not  be  ivnt'ouudeil  with  the  extract  of  aconite  of  the 
British  rharnmn)}Keia,  which  is  the  inspissated  juice  of  fresh  aconite 
l«ivt*s,  and  a  mucli  wmker  preparation. 

tlrtnwtuin  Aloia,  Extract  of  aloes  may  be  prepareil  from  either 
IJarluidiHS  or  Soi\)trine  aloes,  the  latter  variety  lx?iug  generally  pre- 
ferretl  in  this  ivuntry.  The  large  projwrtiou  of  water  onlertil  by 
the  l*han«aco|HiMa  is  for  the  purjKJse  of  avoiding  the  admixture  of 
iv»«<in  ;  a  a>nivntrati'd  aqueous  solution  of  aloes  retains  in  solution 
the  rt»sin  pnst'ut,  whcn^as  a  dilute  solution  again  de|)osit'«  it  on  cool- 
ing. The  extract  diH*s  not  yield  a  perfectly  ck*ar  solution  with  water, 
as  complete  sc|>aration  of  resinous  matter  is  impossible.  The  extract, 
when  projHTly  made,  is  brittle  and  is  easily  converted  into  a  yellow 
brown  |H»wder. 

Aj'/na'/Mwi  litUadonmr  Foliorum  Alcoholicum.  This  extract  is  of  a 
ilwp  brownish-green  color  and  )K>sscsses  a  heavy  narcotic  tnlor.  It 
is  atlmirably  adapteil  tor  incoqK)ration  in  ointments  and  plasters,  for 
which  pur|Hist»  it  is  usually  softem-d  with  a  few  drops  of  water.  The 
full  otiicial  title  of  the  extract  is  never  used  by  physicians,  the  more 
tiuniliar  term  Kriractum  Belladontice  l)eing  employed  in  prestTiption 
writing.  In  (in»at  Britain,  the  name  Extractum  Belladonmr  refers 
ti>  the  inspiss;iti*il  juice  of  fresh  l)elladonna  herb,  and  the  name  Ex- 
(racium  Ikilmlonme  Alcoholicum  is  applied  to  an  alcoholic  extract  of 
U^lladonna  root,  a  prejia ration  more  |M>werful  than  our  own  official 
extmct ;  these  ditferences  must  Ik?  borne  in  mind  when  comixumding 
British  prescriptions  and  other  formulas. 

I'^tracUun  (  hnnabM  Indic^r.  Extract  of  Indian  hemp  is  not  of 
uniform  quality,  owing  to  the  variable  character  of  the  drug  ;  it  is  of 
blackish-gn-en  t-olor  and  has  a  iKX'uliar  rather  unpleasant  hcjivy  odor. 
Tin*  drug  is  rich  in  ri-sin,  which,  together  with  the  alkaloids  pn'sent, 
is  extracte<l  completely  by  alcohol ;  the  extract  is  soluble  also  in 
ether,  chl(»roform,  oil  of  turiH'ntine  and  Hxe<l  oils.  Its  alcoholic 
Holutiiui  is  pnripitattNl  by  soluti<m  of  potassa  or  soda,  the  resin 
iM'ing  insoluble  in  alkalies. 

Hxtrnvtuin  Cinchona'.  With  a  little  cari*,  cinchona  can  be  c»om- 
plet«*ly  depriveil  of  its  alkaloids  l)y  jwrcolation  with  the  oflicial 
menstruum  ;  the  extract,  which  is  of  a  riHldish-lirown  ciilor,  is  apt  to 
be(*ome  ttuigh  in  the  (»oursi»  of  time,  and  should  Ik*  iucorporatisl  with 
10  |)er  cent,  of  its  weight  of  glycvrin.  The  Pliarmacojxeia  makes 
no  recpiircments  its  to  alkaloidal  strength,  but,  if  made  from  choi<'e 
bark,'  the  extract  may  contain  as  much  as  'Jo  or  .*U)  \h'v  irnt.  of  total 
alkahmls,  InMug  from  five  to  six  timers  as  strong  as  the  drug  itsi'lf 

Extractum  Colrhici  liadiria.  The  men>truum  dinHtctl  for  this 
extract  is  of  aliout  the  same  strength  as  diluted  acetic  acid ;  the  extmct, 
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whicli  is  of  brown  color  and  bitter  taste,  is  of  a  soft  consistence, 
aod  t!aDDot  be  rolled  into  prib  by  Itself.  Tbe  British  extract  and 
acetic  extract  of  colchicura  are  both  made  from  the  fresh  eorra,  in 
which  condition  it  is  said  to  be  more  active^ 

Extractum  ColocipithidU,  In  order  to  avoid  the  fixed  oil  which 
is  present  in  the  sce^is,  the  Fharmat^opceia  directs  that  only  the  pulp 
of  the  i'olooynth  shall  be  used  ;  maceration  and  ex}>rcssion  ai^  pre- 
ferred to  |K?rcolationj  on  account  of  the  spongy  character  of  the 
material.  The  yield  of  extract  varies  from  40  to  50  per  c^nt,  if 
made  from  good  pulp;  if  calculated  for  the  w*ell-dried  whole  truit^  it 
ranges  from  14  to  20  percent.  Many  maunfarturers  allow  the  seeds 
to  remain  in  the  fniit,  l»eing  careful  not  to  have  them  crushed  during 
the  grinding  The  presence  of  fixed  oil  in  the  extract  would  prevent 
evaporation  to  dryness  and  subsequent  reduction  to  powder. 

^satractum  Coloejfjiihidw  Compomtum,  Since  a  perfectly  homoge- 
neous preparation  cannot  be  obtained  by  simply  mixing  the  ingredi- 
ents in  fine  powder,  tlic  Pharniacopceia  very  properly  directs  tliat  an 
intimaie  mixture  shall  be  etfected  with  the  aid  of  heat  and  alcohol  ; 
wljen  the  alcohol  has  again  l>eeu  evaporated  and  the  mass  becomes 
brittle,  the  piiwdered  cardamom  is  incorporatetl,  and  the  vessel  cov- 
ered until  cold,  BO  as  to  avoid  loss  of  volatile  oil.  The  dr\'  com- 
jHHiud  extract  is  finally  reduced  to  powder.  It  contains  half  its 
weight  of  purified  aloes,  16  per  c<?nt*  of  dry  extract  of  colocyntli,  14 
per  cent,  each  of  soap  and  resin  of  searamony,  and  6  per  cent,  of 
cardamom. 

Exiradum  (Jonii  This  extract  can  be  conveniently  prepared  by 
carefully  eva[30i-ating  the  official  6uid  ejctract,  in  a  porcelain  dish,  at 
a  low  temperature  ;  it  is  alxint  live  times  as  strong  as  the  latter  prep- 
aration. The  herb  and  root  of  coniuni  possess  only  very  slight  medi- 
rinal  virtue,  whicli  laUer  ivsidcs  in  the  volatile  alkaloid  coniin^. 
Exiractum  Conii  of  the  British  Pharmacopceia  is  the  inspissated  juice 
of  Iresh  conium  leaves  and  bmnches,  and  a  much  f<Lvbler  prepara- 
..tion  than  our  extract.  Goixl  extract  of  conium,  when  triturated 
nth  solution  of  potassa  or  lime-water,  should  evolve  the  disagree- 
able characteristic  ixlor  of  confine,  in  a  marked  degree  resembling 
that  of  mice* 

Ej*tracium  Ergoki.  Extract  of  ergot,  prepared  by  evaporating  the 
fluid  extract,  rcprp8ent>^  the  crude  drug  in  tlje  proportion  of  about  1 
to  <i,  tiic  yield  irom  150  Cc.  of  fluid  extract  Iwing  about  24  Gm.  It 
is  sometimes  dispensed,  under  tlie  name  of  ergotio,  in  the  form  of  pills 
and  suppositories,  .Several  of  the  European  pharmacoj^ixnas  apply 
tlie  name  rrgt^Hn  to  a  purified  extract  of  ergot  prepare*!  by  eva]Kjr- 
ftting  an  nt|UtHius  infusion  of  erg<jt  to  a  syrupy  ctmsistence  and 
mixing  with  alcohol,  wlierebv  certain  i^mstitnents  (scleromucin  and 
otliers)  an*  pn-crpitattxl  ;  after  filtration  the  clear  liquid  is  evaporated 
lo  a  soft  consistence.  This  was  essentially  the  method  of  Bonjean, 
who  first  appliitl  the  name  ergothi  to  the  extmct  of  ergot  made  by 
him?*eif  in  1842. 

IS 
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The  new  Swian  I  '  i.ontbt-i     n'litiftli 

following  tli€»  ia\  and  K*Ji        ,.uh  |iri»ve  that 

the  medicinal  virmt*  u4  t'rgt»t  ivsidf  in  the  alkaluitl  c-omutine,  hais 
adopttid  the  following  forraiila  for  preparin^c  extract  of  ergot  for 
hypodenuic  use,  1000  Gm.  of  powdered  (No,  40)  ereot  are  ex- 
hauiited  by  jx?r(*olation  with  70  jier  c^eiit,  (by  volume)  sucohol ;  tlie 
percolate  i«  evaporated  to  250  Gm.,  mixed  with  an  equal  weight  of 

.water  and  fiittred  when  cold.  The  rraidiie  is  well  waahetl  with 
water  and  the  liijuid  likewiM*  filtered,  50  Gm.  of  10  |)er  t^-nt, 
hydrochloric  acid  arc  addtnj  to  the  mixeil  filtrate  and  the  mixture 
«i€t  aside  for  twenty-four  hours ;  after  again  filtering  and  washing 
the  titter  with  water  as  long  as  the  washings  continue  ac!d|  20  Gm. 
of  crystallize*!  Rxlinm  cjii  I  f  ♦»  gradually  addciK    When  the  evo- 

lution of  rarbon  dioxide  rd»  the  liquid  i^  cvapomted  to  I»W 

Gm, ;  15  Gm,  of  glywrin  arc  then  addc<],  and  the  whole  cva|xiratcd  to 
125  (tm.  All  the  alkaloid  is  retaineil  in  solution^  while  much  useless 
mattiT,  fixetl  oil,  resin,  coloring  matter,  eto,,  are  removed  ;  a  small 
amount  of  sudiunv  chloride  ren»ain?%  in  the  txtract,  hut  \s  not  hurt- 
ful. The  extract  thus  pn»pare<l  i^  of  tlie  e<jnsi!?ten*x*  of  thick  hone%*, 
and  1  Gm.  represents  8  tJm,  of  ergot;  it  forms  a  re<ldiah-yellow, 
perfwtly  clear  solution  with  water, 

^tradum  G*mtiarta;.  All  of  the  valuable  bitter  principles  of  gi*n- 
tian  are  soluble  in  <H>hl  water,  while  much  inert  matter  is  avoided  by 
the  tise  of  this  mi'nstruum  ;  when  hot  writer  is  em  ploy  «1  tht*  yield  of 

.extinct  is  vastly  incrcast^d  on  aetH.»unt  of  the  large  quantity  of  p<-  r'n 

'eoni|MitnK)s  taken  up.     The  ubjcni  of  boiling  the  cold  water  jh  i    - 
liit»%  as  dire(le<l  in  tlic  U.  S.  Pharmaeo|Keia,  is  to  ooagulate  the  aJbu- 
minouK  matter,  alU*r  removal  of  which  the  extract  obtained  forms  an 
almost  clear  S4^lntion  with  water.     To  judge  from  the  tough  cimdi- 
tion  and  im|M»rfcc't  solubility  of  many  oommercial  extmcts  of  geir 

ItimQufaetui'ers  nuist  fre<|Utnlly  resort  to  heat  in  the  exhaustion  i/ 
Inig.     With  cold  water,  gentian  yields  al>out  30  |>er  cent  of  extra*  i, 

^wliieh  «^n  l>e  increa^ti  to  50  or  fto  |x?r  cent,  witli  hot  water;  the 
United  State*,  German,  French,  and  Swiss  Pharmacopneias  all  direct 

I  orld   water,  but  the  British   PharmacojKcia,  ht range  to  saVi  rec3om- 

iiiu-nds  iHjiling  for  fifteen  minutes,  followed  by  expression. 

Kjtfnirtum  Gfifci/rrhiz^r  Pumm,  The  official  formula  for  this 
extract  yields  a  pivjMiration  p<Tf«T'tly  si>lnble  in  water,  which  i*^  not 
the  ease  witli  the  onlinary  extract  of  t^nnmerce,  in  mass  or  pi>wcler. 
The  addition  «»f  ammonia  watiT  to  the  ment^lruum  insures,  lu  alrctidy 
explained  binder  tluiti  extract  of  liquorioi*  rtMiU  the  rompletr  extmc- 
tioo  of  »1  '  principle,  whiUt  the  nm*  of  chaW  wal«'r  pr«  't- 

lioliitinn  ^  nnd  fionh  other  inert  matter.    The  yield  t 

Ar'  ■irhiiJi  U  '  The  mmlicinal  value  of  liigwood  lii^  in  \\% 

ftstringi*nt  princinle,  which  mnnot  be  entirely  extnietcd  with  viM 

wati^r,  bentt?  lioiling  \^  ofKcially  dinged.     It  in  imiKirtant  tliat  all 

(oontnrt  with  metal   Ix?  avoidn!  on  acvount  of  tlie  tannin,  and  tlie 
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extract  should  yield  a  dear,  purplish -red  solution  with  water.  Ex- 
tract of  hseraatuxylon  is  well  adapted  for  the  dry  condition,  as  it  is 
non-hygroscopic ;  its  taste  is  sweetish  and  afterward  astringent  The 
commercial  extracts  of  logwood  sold  io  boxes  areuot6t  for  medicinal 
purposes,  beinp:  only  partly  sohible  in  cold  water. 

Mjrfracfum  Hyoscyami.  The  extracts  of  liyoscyamus  of  the  Brftisli 
and  German  Pharmacopoeias  must  nut  be  confounded  witli  that  tiffi- 
cially  i-ecognized  in  our  Pharmaojpceia  ;  the  former  are  the  inspissatt-<i 
juice  of  the  fr^h  flowering  herb,  more  variable  in  quality  than  the 
hydro-alcoholic  extract.  Cubical  cryy^tals  sometimes  found  in  the 
British  extracts  of  hyoscyamus  and  l>e]ladonna  have,  upon  examina- 
tioiK  proved  to  l)e  pota^-sium  I'liiyride. 

Ejrtracium  JaJapcL  Jalap  owes  its  valuable  properties  entii^ely  to 
the  resin  it  contains  j  henee  a  purely  alcoholic  menstruum  yields  the 
most  eflBcient  extract.  After  jalap  has  been  exhausted  by  alcohol, 
water  will  yet  dissolve  out  a  large  proportion  of  extractive,  which 
upon  trial  lias  iK-en  found  j>i:rfectly  inert.  Jalap  yields  on  an  aver- 
age alxiut  18  per  wnt»  of  alcoholic  extract,  and  subsequently  al>out 
30  per  wnt,  of  aqueous  extract  additional.  The  British  Pharmaco- 
poeia directs  the  inwrpjration  of  the  aqueous  extract  with  the  alcoholic 
extract  first  obtaineil  ;  heiK-e  the  British  extract  is  a  much  weaker 
pi^epanitiou  than  our  own. 

Juriracfttm  Kntimritt,  Cold  water  is  an  excellent  solvent  for  the 
particular  tannin  jjreseut  in  rhatany,  upon  wliich  the  a.'^tringency 
of  tht*  drug  depends;  lii»t  water  will  yii4d  a  larger  penvntagt*  of 
extract,  but  tliis  will  not  form  a  complete  solution  with  water,  while 
the  cold  water  extraet  is  soluble,  and  with  the  addition  of  sugar  forms 
a  i»erfeetly  clear  liquid.  A  very  weak  alc^jholit-  menstruum  is  said 
also  to  furnish  an  increased  yield  of  extract,  but  with  results  similar 
to  thode  product^l  by  Ijot  water.  Decided  astringency  and  a  ))erfectly 
clear  solution  with  warm  w^ater  and  sugar,  are  indicationa  of  a  well- 
prepared  extract, 

Mdractum  yitcis  VomietT,  The  difficnlties  attending  the  perfect 
exhatistiou  of  nux  vomica  have  already  lieen  cxplaiue<1  under  the  fluid 
€XtiBct.  The  seed  contiiins  considerable  fixed  oil,  a  portion  of  which 
is  apt  to  l>e  dissolved  by  the  hy<lro-alcoholic  menstruum;  theivfore, 
as  the  Pharmacoj>o?ia  d»r4'cts  tlic  extract  to  be  re<Ju<x<l  to  |>owder,  the 
removal  of  the  fatty  matter  l)e<.'i»raes  necessary.  This  is  eftk-ted,  as 
directed  in  the  official  formnla.  by  concentrating  the  jjereolate  to  about 
15  per  cent,  of  the  weight  of  <lnig  used  and  then  washing  rejieiitedly 
ritli  etfier  as  long  as  this  removes  anything.  The  ether  is  recf»vei-ed 
by  distillation  and  the  fatty  resi<lue  tn'ated  with  boiling  watcir  and 
acetic  acid,  in  oith'r  to  re<'over  any  alkaloid  which  th<'  oil  mav  have 
carried  with  it.  After  the  acid  a<{U<Htiis  Ittpiid  has  l)een  added  to 
the  ether-washe<l  rt^i4lue,  the  whole  is  evaporated  to  a  soft  extract, 
civ»k^  and  weighed,  after  which  tlit*  jw*rcentagi*  of  moisture  and  alka- 
Joi<ls  is  determimxl.  From  tlu^*  data  is  calculattxl  the  quantity  of 
sugar  of  milk   wliiifh  must  U^  added  to  the  soft  extinct^  so  that  it 
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can  be  dried  and  reduced  to  a  fine  powder  containing  15  per  cent, 
of  alkaloids. 

Example:  Suppose  the  soft  extract  contains  22  per  cent,  of 
moisture  and  18.72  per  ceut.  of  alkaloids,  how  much  sugar  of  milk 
must  be  added  ?  Answer :  Each  gramme  requires  the  addition  of 
0.468  Gm.  of  sugar  of  milk,  or  100  parts  require  46.8  parts. 

Calculation :  1.0  Gm.  less  0.220  (^22  per  cent,  of  1)=  0.780  Gin., 
the  amount  of  dry  extract  obtainable  from  1.0  Gm.  of  soft  extract. 
Since  no  alkaloids  are  lost  in  drying,  the  percentage  is  increased 
from  18.72  per  ceut.  in  the  moist  to  24  per  cent,  in  the  dry  extract, 
for  0.780:0.1872=1.0:0.24. 

The  Pharmacopoeia  rcijuiring  only  15  per  ceut.  of  alkaloids  in  tli^ 
dry  extract,  the  0.780  Gm.  must  be  brought,  by  addition  of  sugar  9^ 
piilk,  to  a  weight  of  which  0.1872  Gm.  shall  represent  15  per  cent.^^ 
or  in  other  words,  0.780  Gm.  are  e(][ual  to  ^  of  the  final  weight  or 
official  powdered  extract  obtainable  from  1.0  Gra.  of  the  soft  extract. 
The  unknown  final  weight  may  be  represented  by  x,  whose  value 
may  be  ascertained  by  solving  the  equation  0.15 : 1.0=  0.1872  :x, 
or,  if  0.780  =  ^f  of  a;,  then  x=^  of  0.780;  in  either  case  the  value 
of  X  will  be  1.248. 

Finally,  1.248  Gm. —  0.780  =  0.468  Gm.,  the  weight  of  sugar 
of  milk  to  be  added. 

Extradum  Opii,  Opium  is  easily  exhausted  with  cold  water,  but 
instead  of  triturating  the  mixture  of  opium  and  water  occasionally 
during  twelve  hours,  it  is  better  to  rub  the  opium  into  a  smooth 
paste  with  water  in  a  mortar,  wash  this  carefully  into  a  flask  or 
bottle,  add  the  remainder  of  the  water,  cork  the  flask  or  bottle,  and 
shake  vigorously  every  hour  or  two ;  agitation  is  more  easily  accom- 
plished and  is  more  beneficial  to  the  extraction  of  the  soluble  prin- 
ciples. The  magma  on  the  filter  should  be  slowly  percolated  with 
water  until  the  liquid  is  nearly  colorless  and  only  faintly  bitter. 
After  concentration  of  the  percolate  to  about  twice  the  weight  of 
opium  used,  the  moisture  and  morphine  present  are  determined,  in 
order  to  ascertain  the  amount  of  sugar  of  milk  which  must  be  added 
to  the  syrupy  extract,  so  that,  upon  complete  drying,  it  shall  yield 
a  powder  containing  18  jier  cent,  of  crystallized  morphine. 

Example :  Suppose  the  thick  syrupy  liquid  is  found  to  contain  72 
per  cent,  of  moisture  and  7  per  cent,  of  crystallized  morphine,  how 
much  su^ar  of  milk  must  be  added?  Answer:  Each  gramme  will 
require  the  addition  of  0.110  Gm.  of  sugar  of  milk. 

Calculation  :  1.0  Gm.  less  0.720  (72  per  cent  of  1)  =  0.280  Gm., 
the  amount  of  dry  extract  obtainable  from  1.0  Gm.  of  the  syrupy 
liquid.  0.07  Gm.  (7  percent,  of  1)  of  crystallized  morphine  present 
in  1  Gm.  of  the  syrupy  liquid,  are  equal  to  25  per  cent,  in  0.280  Gm. 
of  dry  extract,  as  shown  by  the  djuation  0.280  : 0.07  =  1.0  : 0.26. 

The  Pharmacopoeia  requiring  only  18  \^v  cent,  of  crystallized 
morphine  in  the  dry  extract,  the  0.280  Gm.  must  be  brought,  by 
addition  of  milk  sugar,  to  a  weight  of  which  0.07  Gm.  shall  repre- 
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But  18  jKT  cent.,  or  in  other  words,  0.280  Gm.  is  ec^ual  to  ^|  of  the 
!nal  weiglit  uf  official  powdi^red  extract  obtanml>le  from  1.0  Gm.  of 
tlje  svrupv  ntjuid.  The  unknown  final  weigljt  may  be  represented 
by  x^  whose  value  mav  l)e  ascertained  by  solving  tlie  e<iuation,  0.18  : 
I'O  =  om  :  X,  or  if  0.280  ^  ^  of  a-,  then  a;  =  ||  of  0/i8O ;  in  either 
cane  the  vaUie  of  x  will  be  practicallv  0.390  (actually  0,389). 

Finally  (ISm  Gm.  —  0.280  Gm*  =  0.110  Gm.,  the  weight  of  sugar 
of  milk  to  be  added. 

Extrarhtm  Quomia:,  Thi^  extract  is  pre|mrcd  exactly  like  extract 
of  gentian,  and  all  the  comments  made  up^in  the  latter  extract  apply 
eriually  to  thi^  preparation.  As  extract  of  ijuas^iia  is  not  used  to 
any  great  extent,  and  is  liable  to  become  tough  when  old,  the  addi- 
tion of  10  per  eent  of  glycerin  to  the  extract,  while  still  warm,  is 
advMStible, 

Extntdum  RhcL  Ext  met  of  rhubarb  pix^seots  the  only  instance, 
amnng  the  otKeial  extracts,  in  which  the  Pharmuoopreia  directs  that 
die  reserve  jK*n*olate  shall  l>e  ctmcentratcd  by  spontaneous  evapora- 
tion;  it  is  very  questit^nable  whether  this  plan  is  lr»llowed  by  manu- 
facturers. Tt  is  well  known  that  the  mc*dicinal  virtues  of  rhulmrb 
are  modi  tied  and  sometimes  injured  by  a  high  heat,  but  there  can 
scarcely  l)e  any  objection  to  the  recovery  of  tlie  alcohol  from  the 
reserve  tincture,  at  a  temperature  lielow  50^  C\  (122^^  F/),  The  men- 
struum being  strougly  alcoholic  (76  per  cent.),  the  alcohol  is  readily 
volatilijced.  During  the  final  evaporation  of  the  extract  to  the  pilnlar 
consistence,  it  is  ira|x»rtant  that  stirring  with  a  glass  or|ioreelain  rod 
be  assiduously  kept  up,  otherwnse  granular  separation  of  resinous 
matter  will  occur. 

Extractum  Sframonti  Scminis,  The  reduction  of  stramonium  seetl 
to  No.  60  p^:>wdc^  is  difBcult,  ou  account  of  the  large  propt>rtion  of 
fixctl  oil  present,  wliich  also  renders  the  preparation  of  a  satisfur?tory 
extract  no  easy  task.  If  the  seed  he  first  freed  from  oil,  by  treatment 
witli  benzin,  much  better  results  will  be  obtained.  Stramouiiun  oint- 
ment made  from  tlic  official  extract  does  not  possess  the  green  color 
characteristic  of  the  ointment  made  from  an  extract  of  the  leaves. 

Extractum  Tardxaei,  As  already  stated,  the  Pharmacopccia  re- 
quires extract  of  taraxacum  to  l)e  nrepared  from  the  fi*esh  root; 
since  the  juice  contains  considerable  albuminous  matter  which  is  not 
entoved  in  the  official  process,  the  extract  frequently  becomes  tough 
ind  ira|)eriectly  soluble.  Much  uf  the  commercial  extnict  of  tanixii- 
cum  is  made  from  dried  root,  by  [)ercolation  with  water  or  a  very 
weak  alcoholic  menstruum.  True  taraxacum  root  gathered  in  autumn 
is  not  always  obtainable,  and  chicory  root  is  frequently  used  as  a 
substitute  or  as  an  adiiltenint. 

Extrac/um  UtHB  Urm.  Although  the  Pbarmacop<eia  orders  a  mix- 
tun*  of  2  volumes  of  alcohol  and  5  volumes  of  water  as  a  menstruum 
for  this  cxtrm't»  exfierienw  has  shown  that  official  dilutt^d  ak^oliol 
exhausts  uva  unii  completely  and  vtclds  a  more  aatisfac*torv  prepara* 


CHAPTER  XXIV- 

OLEORESrXS  AND  RESINS. 

Oleoreeins. 

SoLimoKS  i»f  this  class  represent  the  medicinal  virtiiei?  i>f  ihi 
drugs  from  wtnch  tliey  are  maae,  in  a  more  cH>ncentrate<l  form  tlitui 
h  jKissiblo  in  any  other.  Tlio-y  possi'ss  tlie  p^»wer  of  self-prts<*r* 
vatiun,  and  in  thit^  rL'S|Kvt  are  superior  to  ihiid  extrnets.  (Olt^orejiins 
coij^ii.Ht  rhretly  of  (ixkI  or  volatile  oils  astigr'ialcHl  with  rt^sin  and  t>ther 
constituents;  those  oHieially  rei^ognizcd  in  the  l*harmacoi»a*ia  an-  all 
prepared  hyrtie  mme  nnx-t^ss,  whicji  consists  in  slowly  |)ercolating 
the  drng^  in  fine  |>owder,  with  ether,  to  exhaustion,  n^Nivering  the 
greater  part  of  the  ether  by  distillation,  and  finally  removing  the  re- 

.inaining  ether  by  s|x>ntaneons  evaporation.  The  per<*4)hitii»n  of 
Iru^s  with  ether  n?«]uirt*s  the  use  of  special  apparatus  (see  i>a^e  121  > 
to  prevent  loss  of  the  very  volatile  solvent,  and  several  attempts  have 
beiin  made  to  economize  ether  by  using  the  same  liquid  over  again 
until  the  material  in  exhausted,  the  l>c6t  device  tor  thi§  purpose 
beinp  the  ether-extraction  apparatus  desifrned  by  Prof.  Fluckiger, 
ilhKHt rated  in  Fijj*  203.  The  extnictor,  .1,  passes  by  means  of  the 
tulM\  J>f  through  i\  n>rl<  into  the  rec*t*iving  lhisk»  E\  at  ^ '  is  a  s**pfum 
ordiskt  upon  which  the  nuiterittl  to  Ijecxtnietnl  is  packnl|  and  which 
communicatee,  by  meiini< of  a  snuil I  fu nucI-slm|M?d  tubc%  with  />.  The 
latend  ltdx%  If  f\  \\nim*B  into  the  tuU^  G^  which  is  provided  with  a 
profH«rly  cait  cnrk,  K,  m)  that  the  ether  va|w»r  may  |mss  from  the  n»- 
»  '   to  a  spiml  c^aiderii^'r,  H,  iUUnl  by  imans  of  a  «X)rk  to 

li  extni<1or  ;  the  ethi'r  vajnir  van  als<»  Iw  made  to  pit^s  tif> 

wani  tlirou^h  the  powder,  Uy  pui^hin^  the  ct>rk  dce)HT  int<»  tlie  ruU*, 
(jr,  thua  cJosiuj:  the  oritiee  of  the  lateral  tulie,  H  F,  A  looae  pledget  of 
cotton  in  placet!  in  the  funnel  tulie  at  C\  or  a  pieee  of  filter mg  paper 
is  plaH^]  over  the  small  o(>eniug,  to  prevent  the  material  from  pas^^fng 
down.  The  whole  ap|>aratus  may  he  made  of  any  o<inveuient  size,  tf( 
glaisa  or  tinned  copfier,  and  when  in  use  the  r^iMving  Hask  is  placed 
in  warm  water,  lor  the  purjxme  of  vaporizing  the  ether^  which  is 
condensefl  aliove  the  extractor  and  drop<t  back  upon  tiie  powder,  the 
process  bi^ng  eontinueil  until  the  material  is  exhausted.  Another 
arsimble  feature  of  thi^  apparatus  is  the  recovery  of  the  ether  from 
»^  '  Mon  rif  the  dnii:  ^  ■      -K     The 

1  KH^^n  />  and  B  f  u^  of  the 

.  applying  a  cold  or  wet  sponge  to  the  reviving  Hask,  the 

fLi.r i««ir  tlicrein  in  e«in<lem*ed   and  a  [Mirttal  vacuum   procJut^tl, 

rtiich  withdraws  all  the  ether  from  the  mare  in  the  |»enH)Iator  a^M)Vc. 
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Experience  lias  sliovvn  that  when  2  CV.  of  percolate  have  been 
obtained  for  each  gramme  of  <lru^  used,  tlic  latter  will  lx»  practically 
exhausted,  therefore  j3er<;H>lati(ni  l)eyoiid  this 
pfMut  h  unnecessary ;  with  tlie  (Hintinuous 
extraction  ap|>aratu.s,  lialf  the  quantity  of 
ether  (-an  l>e  made  to  aecompliah  the  same 
rt*sult5. 

Considerable  tare  is  necessary  in  the  reoov- 
erv  of  ether  by  distillation,  as  official  ether, 
winch  is  directed  to  be  used  in  the  proce^, 
boil?  at  ahout  37''  C,  (98,6^  F.)  ;  the  recov- 
ered ether  **hyuld  l>e  but  very  slightly  impreg- 
nated with  the  otlor  of  vulalilc  oil,  ami  may 
be  used  again  for  a  ^ubse^jueiit  uixTation. 
01eore*»ins  ai*t^  not  used  to  any  gi-eat  extent  at 
present,  and  arc*  rarely  matle  by  the  pharma- 
cist himself:  small  quantities*  for  use  in  pre- 
scriptions may  lie  conveniently  cibtained  by 
percolating  some  of  the  (inely  powdered  <lrug 
in  the  l>arrcl  of  a  glass  syringe  and  allowing 
the  ether  to  evaporate  in  a  warm  plact\  The 
yield  of  ole^iresin  ranges  from  5  to  60  per 
<*ent,  for  tiitTcrent  drugs,  and  its  c<>nsiMtenc*e 
varies  from  liquid  to  a  soft  solid,  dej)endent 
upon  the  amount  of  resin  present. 

On  account  of  the  volatile  and  intlamma- 
ble  character  of  ether,  eUorts  have  fi-etjuently 
been  made  to  find  a  suitable  substitute  for  the 
same ;  mixtures  of  ether  and  alcohol  have 
been  triixl,  as  also  ix^troleum  iienzin,  but  not 
with  general  satisfaction.  The  experiments 
of  Mr,  G,  M.  Beringer,  in  1892,  with  pure 
awtone*  have,  however,  conclusively  proven 
the  value  of  this  solvent,  Aretone  is  a  pro- 
duct of  the  destructive  distillation  of  caleium 
or  barium  acetate,  and  is  now  available  in  a 
very  pun^  state  ;  it  is  s^jmewhat  heavier  than 
Hher  iu\i\  boils  at  a  point  al»out  20°  i.\  liigher 
tliim  that  lifpu'd*  It  is  misoihlr  in  all  propor- 
Ltious  with  water  or  «liH:»hoI,  and  possi'sses  re- 
■Biarkable  solvent  proprrties.  Drugs  exhausted 
witlj  iK^tdue,  when  sul>.Hi^<iuenlly  }>ercolated 
with  ether,  have  U*en  found  to  yield  nothing 
of  \*alue,  and  the  olef>resi«s  prei>ared  with 
acetone  are  jMTf(H^tty  soluble  in  ether  or  alco- 
hol and  pmeticjdly  ideutitnl  with  those  made 
with  ether. 

The  Pharmaeiipt^ia  rein>gnize9  six  olcoresins 
pre[iared  with  ether,  and,  in  every  case,  with  one  exception,  tlie  drug 
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is  packed  firmly  into  the  percolator,  previous  moistening  being  quite 
unnecessary.  On  account  of  the  laree  proportion  of  resin  in  lupulin, 
this  drug  must  be  packed  lightlv,  otherwise  the  mass  will  become  im- 
pacted. The  following  is  an  alphabetical  list  of  the  official  oleoresins, 
showing  the  fineness  of  powder  used  and  the  average  yield. 


Nmm. 

Fia«ne«  of  Powder. 

Arermge  Ylr'M 

Oleoresina  Aspidii 

.     No.  60 

15  per  cent 

Oleoresina  Caneici 
Oleorediia  Cubebee 

.       "   60 

12        " 

.       "   30 

^n 

Oleoresina  Lupulini 

GO 

Oleoresina  Piperis 

!       "   60 

6.5      '• 

Oleoresina  Zingiberii) 

.     "  m 

6 

Special  Remarks. 

Oleoresina  Aspidii,  This  preparation  is  also  known  by  the  names 
oleoresina  filicis^  extradum  fiUcia  ittliereuniy  and  oleum  filicis  maris. 
As  the  root  rapidly  deteriorates  upon  keeping,  only  that  having  a 
fresh  green  color  should  be  used.  The  oleorosin  of  male  fern  gen- 
erally deposits,  on  standing,  agranular  crystalline  substan(?e  largely 
composed  of  filicic  acid,  upon  which  depends  the  activity  of  the 
preparation,  hence  the  necessity  for  thoroughly  incorporating  the 
deposit  before  dispensing  the  oleoresin.  By  percolation  with  acetone 
the  drug  has  yielded  as  much  as  18  per  wnt.  of  oleoresin. 

Oleoresina  Capsici.  Owing  to  the  large  amount  of  fat  present  in 
capsicum,  it  is  not  desirable  to  carry  percolation  to  complete  exhaus- 
tion ;  experience,  in  fact,  has  taught  that,  if  collected  slowly,  150  Cc. 
of  percolate  will  have  practically  exhausted  100  (im.  of  the  drug,  and 
that  further  treatment  simply  loads  the  i>ercolatc  with  fatty  matter. 
Oleoresin  of  capsicum  is  a  dark,  brownish -red  liijuid,  which,  shortly 
after  l)eing  made,  deposits  granular  fat ;  this  is  In^t  removed  by 
decanting  the  clear  li(|uid  and  straining  the  residue,  or  washing  the 
deposit  rapidly  with  a  little  ether.  Although  the  average  yield  of 
oleoresin  has  been  reporte<l  as  not  over  5  or  6  jht  cent.,  from  12  to 
16  jx?r  c<»nt.  of  a  very  excellent  preparation  has  frc<jneutly  l)een 
obtained. 

Oleoresina  Ciihebw.  Cubeb  yields  all  its  nic<1iciiml  virtues  to  al(X)hol 
as  well  as  ether ;  very  satisfactory  oleoresin  has  been  made  with  the 
former  menstruum.  In  Germany,  the  oleoresin  is  officially  recog- 
nized under  the  name  ^'Extradum  Cuheharum,'^  and  is  prepared  witli 
a  mixtun?  of  wjual  volumes  of  ether  and  alcohol.  All  oleoresin  of 
cubeb  dejx)sits,  u|)ou  standing,  waxy  matter  and  a  crystalline  lx)dv, 
cubebin,  which,  as  the  Pharnmco|KL»ia  dire<*ts,  should  Im*  rejirt^Hl,  only 
the  liquid  |X)rti<)n  being  dis|M*ns(Hl.  It  is  of  a  <rreeu  or  brownish- 
green  color,  and,  when  made  with  a(vtone,  has  W^n  obtain^nl  to  the 
extent  of  2')  |)er  (wnt. 

Oh'ortsina  Ijupuiini.  Lupulin  is  very  rich  in  resin,  hence  a  large 
yield  of  olcon^sin  is  to  Ik»  exjKvtefl  ;  it  is  ot'  a  itMMisli-brown  color 
and  has  the  consistence  of  a  soft  solid  extract.     While  the  average 
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yield  is  alx>ut  60  jier  cent,  as  much  as  70  |>er  cent,  has  been  obtained 
with  Ixjth  ether  and  acetone,  by  complete  exhaustion , 

Offoremna  Piperw.  Coraraereially  this  preparation  is  also  known 
as  oU  of  biaek  pepper^  which  latter,  however,  is*  usually  obtained  as  a 
by-product  in  the  manutactiire  of  piperin.  Oleoresin  of  pepper,  wlien 
first  made,  deposits  piperiu  in  erystiulhie  form,  wldeli  is  separmted  by 
stmrning,  leaving  a  tliiek,  very  blaok  litjuid.  The  yield  with  ether 
or  acetone  rarely  oxeeeils  6  mu*  cent, 

Oleormna  Ztiu/iheris.  When  ruatle  from  niieoated  (Jamaica)  ginger 
tlje  yield  of  oleoresin  is  less  than  from  coated  ginger,  and  is  also 
lighter  in  color,  thinner,  ami  of  a  more  agreeable  flavor  The  name 
piperoid  has  sometimes  been  applied  to  this  pi^eparation*  From 
coated  gingex  as  much  as  10  i)er  cent,  of  oleoresio  has  been  obtained, 
while  from  Jamaica  ginger  the  yield  rarely  exceeds  6  per  cent 

ResiiiB. 

Under  the  title  Itemmt  the  Pharmacojxeia  recognises  five  jireim- 
rations^  two  of  wliich,  however,  are  simply  i*esiduary  products 
obtained  in  the  distillation  of  the  volatile  oil  from  natural  olcoresins. 
For  the  remaining  three  an  official  process  of  mannfactnre  is  given, 
alcohol  Inking  uned  as  a  solvent  in  each  case ;  the  resin  is  obtained  by 
pouring  a  cijncentrate^i  ak'ohoHc  tincture  of  the  respective  drugs  into 
c5old  water  and  subsequently  washing  the  precipitate  repeatedly  with 
water. 


AX-FHABETiCAI-   LiST  OF   THE  OVVICIAJ.  BlSlSS. 
Huw  obUltiod. 

Hesidue  left  after  distillation  of  the  voliitile  oil  from  Turpentine. 
Eeaadue  lefk  after  disffillAtion  of  the  Toktile  oil  frora  Copoihu. 
By  poaring  a  concentrated  alcoholic  tincture  of  Jalap  into  cold 

water, 
Rtj^iim  Fodophjlli    By  pouring  a  oonoentrated  alcoholic  tincture  of  PodophyUum 

into  <x>M  water  acidulated  with  hydrochloric  acid. 
By  pnuring  n  concentrated  alcoholic  tincture  of  Scammony  Into 

Cijld  water. 


Reaitus 

Re*iina  Copaiba 
Retina  Jtiinpie 


B/esina  Soammonii 


Special  Remarks. 

Rrjsina  Jtilapa:.  The  amount  of  resin  in  jalap  root  varies  consid- 
erably, ranging  from  8  to  18  per  cent,,  and  it  is  not  always  possible 
to  find  commercial  jalap  which  meets  the  official  re<|nirement  of  not 
Ir^m  than  12  per  cent,  Itein  of  jalap  diffi*rs  frora  the  official  extract 
of  jalap,  in  being  free  from  wutcr-soluble  tnattcr,  of  wln'ch  tlio  hitter 
preparation  contains  ipiite  an  apprci;ialih*  quantity  ;  hence  the  official 
direnrtion,  to  wash  the  pre<*ipitiite<i  resin  twice  with  water,  should  be 
njKiileil  until  the  w*mliin^  arfi  c!oh>rless ;  the  adherinj:^  water  is  re- 
tnovt:il  by  drying  the  resin  with  a  ^ntle  ht^at.  Not  more  that  10 
jx*r  <x*nt.  of  the  n^iu  of  jiil'ip  ^should  1h:»  solul>le  in  t^tht^r,  nor  more 
than  7  per  oi.^nt,  in  chloruforni.    The  jjresenee  of  common  n^nin  may 
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be  detected  bv  solubility  in  oil  of  tuqientiDe  and  by  gelatin iziitiou 
upon  t^M.tlin^  a  Kilutiou  made  by  di^restinp  the  sus|K*(ned  resin  in  ]<► 
part**  of  aunuonia  w-ater  at  80^  C.  (17G"  F.  i.  Sin(^  resin  (»f  j:ila]» 
im*r  a  sliglitly  acrid  but  not  bitter  taste,  an  adulteration  witli  aiiK^ 
may  be  hUBpe«ted  if  a  prou«»un«*d  liitter  taste  is  (ilnerved.  li  nsin 
of  jalap  lie  moistened  with  ak^»liol  and  tlien  with  a  B<»lution  of  ivrri'* 
eliloride,  a  jrreen  (•(»lor  should  not  lie  develojieil,  nor  should  a  blue 
color  be  ob^^rved  if  the  inner  surface  of  a  ire^h  }Kitato  parinj:  In- 
rubbed  with  the  r»^in,  otherwise  guaiac  is  jiresent.  That  ]K»rtion  of 
jalap  resin  insoluble  in  ether,  when  disfutlved  in  caustic  alkali  s<ilu- 
tion,  is  not  r#^pre*.npitated  upon  addition  of  an  acid  ;  thi«  property 
distinguishes  jalap  resin  from  *rther  resins  exi?ept  that  of  swaimmony. 
and  from  the  latter  it  differs  by  its  insolubility'  in  ether  and  oil  of 
turpentine.  While  re«in  of  scammony  might  liecome  awidentally 
mixed  with  jalap  resin,  it  would  never  be  added  as  an  adulteration, 
since  it  is  far  more  expensive. 

Kesin  of  jalap  may  be  obtained  free  from  color,  by  treatment  with 
animal  chanfwl ;  the  best  plan  is  to  mix  the  charcoal  with  the  ]V'W- 
dernd  jalap  liefore  percolation  and  also  to  pass  the  percolate  throiiirh 
animal  charcoal. 

limnn  PodophtfUi.  The  object  of  adding  hydrochlorn-  acid  to  the 
water,  l>efore  adding  the  alcoholic  solution,  is  sirnply  t(»  facilitate  the 
separation  of  the  resinous  matter.  The  yield  of  resin  of  j>odoi>hyllum 
rarely  exceeds  4  or  5  per  cent.,  and  its  ccJor  should  l>e  from  grayish- 
white  to  yellowish-green,  provided  no  heat  hijrher  than  35^  i\  ( 1^^ "  F. ) 
is  used  in  drying  it.  Ac^-ordiny:  to  Prof  IJoyd,  who  ha**  had  lanrc 
exjierienw  in  the  manufariure  of  thi*^  n^in,  the  c<in(vntration  i»f  the 
alfHiholif'  tinctun*  should  not  U*  ^tirrieil  U'v^nd  a  very  thin  syrup, 
the  water  into  wliich  it  is  |xiured  should  Ix-  iiv-oild,  and  the  \i-aslicd 
n*in  should  Im-  drie<l  irifhottt  h<*at,  by  «-x|Kjsure  to  air.  in  a  ix»ld  phuv. 
Alum  wat«'r  ii*  H»metinies  us*-*!  to  HU-^I  j»recipitation  of  the  resin,  but 
it  yields  a  yillow  pnjdu'-t  of  inf«'rior  *juality.  The  solubility  of  re>in 
of  |M>dophylliim  in  <'thcr  vari<-s  from  ^A^  to  86  per  ciMit.,  dcjx*nding 
u|K)n  ih«'  in* At*  tif  it-t  pre|i;iration,  th«'  liettt-r  «|uality  l»eing  m«»st 
K^ilubli'  and  als^i  lighter  in  c<»lor;  a^-^Hinling  to  Prof.  Power,  l>oilinir 
wati-r  will  di-M»lve  aU^ut  80  |H-r  ^-ent.  of  tlu-  n-sin  if  the  treatment 
with  fre-li  |>ortions  of  the  wat'T  U*  f^jtitinu^-d  a^  loni:  as  anythinir  is 
n-movnl,  but  <ie|>osits  most  of  it  again  on  <*o<»ling.  Resin  of  podo- 
phyllum forms  a  y<'Ilow  Ii<juid  with  solution  of  s^hIu  or  }H)tassa, 
from  wliitli  it  \^  n*-pn'<*ipitateil  by  acids. 

The  nam*'  pfnlophiffUn  is  extensively  applie<l  in  com  men  v  to  the 
n-sin,  but  do^-s  n«»t  always  n'pn*H*nt  the  f»fficial  article. 

/it'Mina  Stutmiiionii.  The  Pharmaeo|xi'ia  din^ft-^  that  this  resin 
Im*  pre|iare4i  from  the  giim-n'sin  se:iminoiiy  and  not  fn»m  the  nM)t 
dinrt,  a-^  in  the  two  pn •<'<'< ling  resin >• :  henc<'  treatment  of  the 
I>owder  with  lM>iling  ahfiliol  is  dinn-ti-*!  inst<iid  of  jK^-t-olatiiin.  The 
yield  of  nsin  f»f  Htinniiiony  de|M'nds  upon  the  ijuality  of  the  gum- 
n-sin,  and   may  vary  from  70  to  Ui)  |K*r  <'eut.,  ah-ohol  taking  up 
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only  about  2  per  cent,  of  water-soluble  matter,  according  to  Prof. 
Markoe. 

Resin  of  scammony  is  wholly  soluble  in  ether  and  oil  of  turpen- 
tine, and  is  not  precipitated  by  acids  from  its  solution  in  caustic 
alkalies.  It  is  very  slowly  acted  upon  by  sulphuric  acid,  whereas 
common  resin  is  immediately  turnea  intensely  red ;  the  presence  of 
the  latter  can  thus  be  detected.  The  resin  of  scammony  can  be  distin- 
guished from  the  gum-resin  by  not  yielding  a  green  emulsion  when 
triturated  with  water. 


CHAPTER    XXV- 

(X)LL0DI0N8. 

Under  this  head  are  recognized  in  the  Pharmacopoeia  four  solu- 
tions, the  base  of  which  is  pyroxylin,  or  soluble  gun-cotton  (see  Cel- 
lulose, Part  III.)»  and  the  solvent,  a  mixture  oi  alcohol  and  ether. 
Collodions  are  employed  only  for  external  medication,  and  owing  to 
the  very  volatile  character  of  the  solvent,  they  rapidly  form  a  skin- 
like covering,  or  pellicle,  when  applied,  which  is  impervious  to  water. 
Where  a  strong  contractile  coating  is  desired,  the  plain  cx^llodion  is 
preferred,  otherwise  a  less  constringent  and  more  comfortable  cover- 
mg  is  obtained  by  the  addition  of  castor  oil  and  Canada  turpen- 
tine, as  in  the  case  of  the  oi&cial  flexible  collodion.  For  the  purpose 
of  medication,  any  substance  soluble  in  ether  may  be  added,  sucfi  as 
iodine,  iodoform,  extract  of  Indian  cannabis,  salicylic  acid,  croton 
oil,  mercuric  chloride,  veratrine,  atropine,  resorcin,  pyrogallol,  etc. 
Since  pyroxylin  is  insoluble  in  water,  the  addition  of  the  latter  to  collo- 
dion would  cause  immediate  precipitation,  hence  all  substances  soluble 
only  in  water  or  alcohol  and  water,  such  as  extract  of  belladonna, 
morphine  sulphate,  etc.,  are  excluded  from  admixture.  Collodions 
should  always  be  preserved  in  tightly  cork-stop|)ered  bottles,  in  a 
cool  place,  remote  from  fire,  on  account  of  the  ether  present;  care 
should  also  Ix^  taken  that  no  collodion  be  allowed  to  remain  on  the 
lip  or  in  the  neck  of  the  bottle  after  pouring  out  the  liquid,  to  avoid 
"fixing"  of  the  cork  as  the  menstruum  evaporate*. 

Collodions  are  best  dispense<l  in  small,  round-shouldered  vials  pro- 
vided with  a  cork  through  which  a  camel-hair  pencil  has  been  passed 
and  securely  fastened  ;  this  avoids  loss  of  material  and  drying  of  the 
collodion  in  the  brush — a  very  annoying  octnirrence. 

ALPlIABFmCAL   LI^T  OP  OFFICIAL  COLLODION'8. 

OfflcUl  Name*  Composition. 

Collodium  Pvroxylin,  3  Gm. ;  £ther,  7o  C<j. ;  Alcohol,  25  Cc. 

Collodium  Cantharidatum      Cliloroformic  Extract  of  Cantharidet)   (rcpreflenting 

(50  Gm  Cantharidefl),  15  Gm  ;  Flexible  Collodion, 
HSGm. 

Collodium  Flexile  Castor  Oil,  8Gm. ;  Canada  Turpentine,  5  <im.;  Col- 

lodion, 92  Gm. 

Collodium  Stypticum  Tannin,  20  Gm. ;  Alcohol  5  Cc. ;  Ether,  25  Cc. ;  Col- 

lodion, sufficient  to  make  100  Cc. 

Special  Remarks. 

Collodium.  If  the  pyroxylin  has  been  carefully  prepared,  it  should 
be  perfi*ctly  soluble  in  the  official  menstruum,  ahhough  a  slight  sedi- 
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ment  of  dirt,  etc.,  occurs  after  the  solution  has  been  set  aside  for  a  few 
hours ;  from  this  the  liquid  can  be  carefully  poured  off,  as  filtration 
is  impracticable.  Anthony's  collodion  cotton,  specially  prepared  for 
photographers'  use,  I  have  always  found  very  satisfactory. 

CoUodium  Oaniharidatum.  The  value  of  cantharidal  collodion 
will  depend  upon  the  quality  of  the  powdered  cantharides  used  and 
the  care  with  which  they  are  exhausted.  Since  chloroform  is  a  very 
volatile  menstruum,  percolation  must  be  conducted  in  a  special  appa- 
ratus (see  Oleoresins),  to  avoid  loss ;  the  liquid  is  easily  recovered  by 
distillation  on  a  water-bath,  as  chloroform  boils  at  about  60°  C. 
(140°  F.).  The  extract  dissolves  readily  in  flexible  collodion,  by 
agitation,  the  finished  product  representing  60  per  cent,  of  its  weight 
of  powdered  cauthariaes,  which  makes  it  nearly  twice  as  strong  as 
the  official  cerate  of  cantharides. 

CoUodium  Fl^le.  The  addition  of  Canada  turpentine  (Canada 
balsam  or  balsam  of  fir^  and  castor-oil  lends  to  collodion  the  pro- 
perty of  forming  a  flexible  pellicle  which,  while  serving  as  a  perfect 
covering  to  the  part  affected,  yet  permits  perfect  freedom  of  motion. 

CoUodium  Slypticum.  Owing  to  the  large  proportion  of  tannin 
ordered  in  the  formula  for  styptic  collodion,  it  is  necessary  to  use  a 
small  quantity  of  diluent,  ether  and  alcohol,  with  which  the  tannin 
is  thoroughly  mixed  before  the  final  addition  of  c^oUodion.  Flexible 
collodion  is  not  suitable  in  this  case,  as  a  constringent  pellicle  is  desired. 
Any  impurities  from  the  tannin,  may  be  removed  by  rapidly  strain- 
ing the  solution  through  gauze  previously  moistened  with  a  little 
ether  and  alcohol. 


CHAPTER  XXVI. 

EMULSIONS. 

TifK  term  ^^ emulsion"  is  applied  to  a  more  or  less  permanent 
homo^onfK)iis  liquid  mixture  composed  of  fatty,  ethereal,  or  resinous 
iiuliHtanc*cs  and  water,  the  former  being  suspended  in  a  minutely 
divi(h*d  HtaU*,  which  gives  rise  to  the  peculiar  opaque  and  milk-like 
ap|K*araii(X!.  Nature  provides  types  of  true  emulsions,  in  the  form 
of  milk,  the  natural  food  of  all  young  mammalia,  and  the  milk-like 
]{imm  of  (H*rtain  ])lants  from  which  the  official  and  other  gum-resins 
iiri*  ohtain<'(l. 

Thow  prc|)and  by  pharmacists,  may  be  conveniently  divided 
hito  niitimil  and  artificial  emulsions ;  to  the  former  class  belong 
i\um^  whic^h  art^  made  from  seed  or  gum-resins,  by  simple  tritura- 
tion with  wator,  Nature  having  provided  the  necessary  emulsifying 
Htfi'iit  ill  iiitiiniit4f  HHHociation  with  the  oil  or  resin.  Artificial  emul- 
pihiiiM  iirr  Niirli  iiM  nHjiiin'  the  addition  of  some  foreign  body,  by  means 
III'  wliii*!!  tlM<  Him|M*nNi()n  of  the  oil  or  resin  is  made  possible ;  to  this 
nliiM  IniIimiu;  ih<t  minority  of  the  emulsions  prepared  at  the  dispensing 
(iiiiiiitnr.  FiKtMJ  itnd  volatile  oils,  as  well  as  ether,  chloroform,  oleo- 
in«iiin  iiiHJ  n^fiiim,  ixu^  Miiitnble  for  exhibition  in  the  form  of  emulsion, 
tlm  nM«|Mtn«l<»M  ill  wator  Im^ih^j:  a(HH)mplished  by  the  aid  of  appro- 
|Mliilit  i'%i«l|ili'nln,  Huch  iiH  acacia,  tnigacanth,  yelk  of  cggy  casein, 
iln^hlii,  Iriili  inimH,  ^lOatiii,  H(m|>-lmrk,  etc.  Oil-yielding  seeds  and 
iMihiinl  piiin  i-rninN  roiitiiiii  allMiiiiinous  and  mucilaginous  matter,  by 
iiinMiin  (iT  wliirh  iIm*  oil  and  n\siu  (im  \h}  brought  into  perfect  sus- 
|ii  iiniiiii  III  NMiirr,  and  hucIi  emulsions  approach  more  closely  in  char- 
Mrli'i  iiiid  nliihility  to  (*(»w*H  milk,  which  may  be  looked  upon  as  the 
Miiml  |MM'liH'l  ciiiiilHioii  known.  The  theory  of  emulsification  is  as 
t'litlown  :  'riic  iiiHoliiblc  li(|uid  or  solid,  in  a  state  of  minute  division, 
In  I'oiiipjctcly  MiMToumhHl  or  envelojHHl  by  the  vehicle  consisting  of 
water  find  cxcipicnt,  and  thus  an  opaque  mixture  is  produced,  from 
which,  the  parti(*lcH  duuiot  seimrate  by  mere  force  of  cohesion  ;  such 
n  iMiiidition  nxn  lie  obtiiine<I  to  |x»rfec^tion  only  by  choice  of  a  proper 
cixcipient,  ami,  for  artificial  emulsions,  none  iyetWr  than  ac^acia  has  yet 
Imtn  found.  Stability  of  artificial  emulsions,  while  primarily  de- 
mnlont  niKm  tht*  division  of  the  insoluble  liquid  into  minute  globules, 

tlto  inniienctHl,  to  some  extent,  by  the  density  of  tin*  vehicle,  thus 

J%r  hnM  Inmm)  f<aind  to  increase  the  sus])ending  power  of  gum  mate- 
ly  ;  to  prevent  fermentative  changes  likely  to  arise  in  all  aqueous 
.^getable  solutions,  al(*ohol  or  glyi-erin  is  fn^jucntly  added  to  eniul- 
iioDS,  in  the  imijwrtion  of  one  or  two  fluidounces  for  every  pint. 
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With  the  exception  of  those  made  of  volatile  oils  or  etliej'eal 
liquids,  emulsions  should  always  Ix*  made  in  u  mortar,  either  of 
tin^^lazed  Wedgewood  or  hard  porcelain,  having  a  flat  bottom,  and, 
in  \he  ease  of  seed  or  gum-resin  emulsions,  one  of  deep  shape  pro- 
viile^l  with  a  hard-wood  pestle  is  to  he  preferred,  in  oraer  to  avoid 
injury  from  the  force  often  necessary  in  crushing  and  manipulating 
tlje  materiaL  (Fov  making  yrnm-resiu  emulsions^  the  clean^t  andJaeat 
tga^g.  should  Ix*  selected,  a^  the  comrnereial  fine  powders  are  unfit  for 
this  purimne,  partly  because  they  are  inferior  in  quality,  and  j>artly 
becauHe  they  have  been  so  modified  by  drying  that  when  triturated 
with  water  they  simply  form  an  orditmry  mixture  from  which  the 
powder  sejm rates  mpidly  ou  standing  ;  this  change  is  due  to  dehydra- 
tion, whereby  tfie  natund  aNS<x*iation  of  guna  and  resin  has  Iw/en 
broken  up  and  tlicir  intimate  union  destroyed  J  For  *^f«^>J  ^iipjji^i^^ii,^^ 
when  no  uther  proportions  are  sj)ecified,  1  part  of  seetl  is  used  to  10 
parts  of  water,  all  dirt  and  dust  lieing  ctarefulty  removeil,  if  neces- 
sary, by  washing  with  cold  water.  In  both  c-ases  the  material  is 
crushed  into  a  coarse  powder^  and,  after  the  addititm  of  a  small  quan- 
tity of  water,  Iwnten  into  a  jierfe^'tly  srauotli  pasty  mass;  tn  this, 
the  remainder  of  the  water  is  then  added  in  dividetl  portions,  tritu- 
rating the  mass  thoroughly  aud  keeping  it  well  scraped  down  t*n*m 
the  pestle  and  sides  of  the  mortar,  so  that  a  uniform  mixture  may 
result,  which  is  finally  psissed  through  a  well-wetted  strainer  of  loi>e 
flannel  or  cheese-cloth,  to  remove  the  irjert  wochIv  fibre  and  possible 
impurities.  In  making  emulsion  of  lyc»opLnlium,  it  iHX'omes  neces- 
sary to  triturate  tlie  seed  c/ry,  trith  some  t>reji^un\  in  order  to  rupture 
Uie  hard  se«xl  envelope ;  when  the  powder  changes  in  color  and  be- 
oomes  damp  and  adiiesive  from  the  oil,  a  little  water  is  added,  with 
which  a  smooth  soft  paste  can  be  formed,  to  l)e  further  diluted  bv 
the  addition  of  water  as  direi^'tiMl  above.  Emulsion  of  lycoprxlium 
Mhoulfi  tieirr  he  dniincfi,  and,  if  properly  ma«le,  will  show  no  particles 
floating  on  the  surface ;  the  insoluble  matter  which  settles  upon 
standing  is  readily  reincorporatetl  by  agitation. 

Oil  emulsions,  which  are  far  morf*  frequently  use<l  (at  least  in  this 
country)  than  those  made  from  seed  or  gum-resins,  require  more 
care  in  their  prejmration.as  success  depends  not  only  on  the  manipu- 
lation, but  also  on  tlit-  judicious  choice  of  a  pro(»er  excipient.  As  a 
general  rule,  it  may  l>e  statetl  that  acacia  proilu'es  the  whitest  and 
most  arable  emidsions,  b€<!ause  ijjs  iierfect  and  ready  solubility  in 
water,  enables  the  oi>eniror  to  divine  the  oil  quickly  into  minute 

f globules,  which  are  at  onc^  surrotmded  by  an  envelojie  of  the  niuci- 
aginous  liquid  aud  thus  ki'pt  from  coalescing.  The  oil  globules  of  a 
wcll-niiule  a<"icia  fnmlsion,  whencotnpanMl  with  milk  under  a  magni- 
fying lens  more  closely  rt^semble  itn  fat  globules  tlian  would  l»e  tin*  cas*- 
if  made  with  other  excipients.  To  insure  sucx^eas,  it  is  essential  tliat 
definite  profKirtions  of  oil,  gum,  and  water  be  used  for  making  the 
nrimary  emulsion,  which  can  then  be  diluted  with  water  as  desinnl. 
^^ot  km  than  otu-fourih  nor  more  than  one-halj  as  much  acacia  as  oil 
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diould  be  used,  and  not  less  (han  orie  titul  a  half  timeA  no 
fwicc  as  much  water  as  ac-aeia,\    The  mixing  of  oil,  gum,  and  water 

should  not  be  efti'cted  by  the  usual 
method  of  tnturatioQ,  which  involves 
pressure  of  tlie  (lestle  against  the  ina- 
terial  ou  the  bottom  and  nides  of  the 
mortar%  ami  «-H)nsi>quent  development  of 
h*tit»  hut  *^hould  l>r  briHtj^ht  about  by 
a  ra|jid  light  riUary  movement  of  the 
wri!*t,  CHimmnnM'ated  to  the  jwstle  held 
loosely  in  the  hand,  a^  shown  in  Fifa^. 
204;  lhi>  motion  |»artukes  more  of  that 
oi*  an  egijwhip,  and  llie  oil  is  thus  rap- 
idly broken  up  intu  minute  ^lolndc^  m 
the  presence  of  a  viscid  solution. 

As  sUiteil  L)ef«ire,  eninl8iouH  of  fat» 
and  fixed  oili  ai*e  l>e^t  made  in  a  Hal* 
bottonietl  mortar,  three  distinct  methods 
being  in  use  to  etUct  the  desired  ob- 
jeet  :  namely,  a  milk-like  liquid,  mi^** 
cible  with  water  without  the  eepimtiou 
of  oil  globules  By  many  pbannacists 
the  iiu tinxl  uwirallv  reeommeDded  in  (treat  Britain  h  pr€terre<J  ;  thiB 
consi^ta  in  making  a  smiootli  thick  nmcilage  of  granulateil  amciaaud 
water,  and  then  abiding  the  oil  by  degreet*,  stirring  assiduously  until 
ea(»h  [)^3rtion  of  oil  \h  emulsifRNj — lastly  adding  the  water  for  dilu- 
tion, in  divide*]  portions.  The  other  two  are  8ometime8  calle<l  the 
'*  Coutinental**  meth«xl»»  from  the  fm*t  that  they  are  useii  almost 
exclusively  in  Continental  EuroiM*.  Tliey  do  not  din^t  the  pn^viout» 
solution  of  die  gum  in  water»  and  adhere  htrietly  to  definite  pn»|>cjr- 
tiontf*  While  tlie  mx-uIKmI  *'  English  ^'  metiiod  yields  very  satislaetory 
re^sults^  in  the  hands  i>f  iUtv^^  iKHMistomed  to  it,  I  much  pivfer,  for  the 
inex|KTieneeil,  either  of  the  otlicr  two  methmlH,  my  i»referen(H'  Unng 
baised  U[Hin  (»l)««<'rvation  of  many  buudrtHi  eiiseti  in  the  hands  of 
gtudent.^  working  in  tin*  lalMiratories*  1  have  never  known  of  a 
single  failure  by  a  novi*v  to  make  a  jMTfect  emuUion  aci»onling  to 
the  fitllowing  method»iy  providefl  of  am  rse  that  the  direct  ions  as  given 
were  followed. 

Place  in  a  moiiar  t*ne-fourtli  an  mm  h  fmli/  powdered  acacia  as 
the  fril  to  be  u^tcsl  (7.0  Om.  of  acacia  for  30  Cc.  of  oil,  or  5ij  for 
fi\i),  then  ndd  the  oil  and  triturate  well  together  into  a  ftmootb  mix- 
ture. Now  add  all  at  oncf%  not  gradually,  twice  as  much  water  a»  the 
acacia  which  has  lieen  u^ef!  (lo  Ci\  of  water  for  7*5  Gm.  of  acaciayur 
f5iv  for  5ij),  and  stir  rapi*lly  until  a  |)€rfe«'t  emulsion  liaa  been 
formed^  wliich  is  known  l>y  the  ap|H:iinimt^  <»f  a  white  pasty  niasA, 
free  fn>in  oil  p^irticle^^  and  a  (iti^uliar  crackling  noise  as  the  pestle 
is  drawn  through  the  adhesive  mixtun*.  Tlii«  primarj*  emuUion 
should  be  well  gcrape^l  d(»wn  with  a  spatula  from  tlie  ]K^tlc  and  sides 
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of  the  mortar,  again  stirred,  and  then  the  remainder  of  the  nmter 
glowly  addeil  with  constant  stirring.  Granulated  acacia  cannot  be 
used  in  this  method,  a-s  with  so  small  a  quantity  of  gum  it  is  neces- 
sary that  it  dissolve  almost  immeiliately,  which  will  not  (xxnir  with 
the  granuhited  variety. 

The  set*ontl  of  the  s^vcalled  "Cuntincntar*  metliods  directs  in- 
crea^swl  {jroporiioiis  of  acui^ia  and  water,  by  which  meiina  an  etjually 
|>crfei't,  and  at  the  same  time  deni^er,  primary  emulsion  is  ijbtaiiu'd. 
One-halt' as  much  granulatetl  acacia  as  oil  \h  nseil,  and  one  and  a  half 
times  as  much  water  as  jjum,  or  one-half  as  much  water  as  oil  and 
gum  together;  ttnis,  oil  30  CV.  or  frij,  granulated  acacia  15  Gul  or 
5iv,  and  water  22.5  Co.  or  f5vi.  Place  the  at-aeia  in  a  dry  mortar, 
add  the  oil  and  water,  and  ?itir  briskly  until  a  perfect  emulsion  rcMilts, 
wbicli  dilute  with  tfie  remaining  water,  as  in  tlie  precetling  method. 

Itfrum  any  cause  the  primary  emulsion  should  fail,  it  will  prove 
a  loss  of  time  and  labor  to  end€*avor  to  save  it  by  addition  of  gum 
or  water,  provided  the  right  pruj>t>rtions  wei'e  used  in  the  first  j>la<'e ; 
the  best  plan  is  to  bej^an  over  again  and  observe  care  in  details. 
Assiduous  stirring  or  shaking  Is  of  no  avail  in  trying  to  save  a 
**  cracked  '*  emulsion^  which  has  a  mnirly  appearance  in  the  mortar, 
and  the  further  addition  o\'  gum,  while  increasing  the  density  of  the 
mixture,  does  not  always  reme<ly  the  trouble- 

The  al>ove  methotis  are  <f  jually  well  adapteil  for  liquid  oleoresins, 
such  as  copaiba*  oleijresiu  of  culieb,  etc.  If  solid  fats,  t^amphor,  some 
cileoresius  and  r<«*in«»ns  extracts,  as,  for  instance,  extract  of  Indian 
cannabis,  are  Xm  lie  administeretl  in  aquenus  liqui^ls,  it  will  be  found 
lvantagei)UB  to  dissolve  them  in  a  small  quantity  of  fixed  oil  (t>il  of 
weet  almond  or  olive  oil),  and  then  to  emulsify  them  in  the  manner 
direett^  for  these  oils.  8alol,  menthol,  thymol,  phosphorus,  and 
other  snbstana*s,  vsrn  likt'wist*  l>e  conveniently  emulsifitd  after  solu- 
tion in  some  hxed  oil.  The  emulsitication  of  Peru  balsam  will  be 
materially  facilitated  by  the  addition  of  a  little  alcohol  or  oil  of 
sweet  almond,  about  ID  jkt  cent,  of  the  volume  of  Imlsam  l>cing 
sufficient.  If  emulsions  of  wax  or  spermaceti  are  to  be  made,  heat 
must  be  employed  ;  the  wax  or  spermat^ti  is  melted  in  a  mortar 
lR*ate<l  lu  al)ont  tjr>^  C\  (141)^  F.)  ami  mixe<l  with  an  equal  weight  of 
powilerc<l  acacia,  after  which,  exactly  one  and  a  half  times  as  much 
water  as  acacia,  hcatt^l  to  near  l>oiliug,  is  added,  and  the  mixture 
briskly  stirred.  AfYer  the  emulsion  cools  to  aljout  30°  C.  (86^  P.), 
more  water  may  Ik*  addc^l  in  small  quantities,  with  constant  stirring. 


»*iou  with  that  of  a  tixinl  oil,  Ix'ttc 


Whenever  *ji^||^ii«'  immUti^nw  are  ordcnE^d,  as,  for  instttnc*i%  n  see<l  emul- 

hI,  Ix'tter  results  will  Ik*  olitainfnl  if  sc|m  rate  >^  *»] 
emulsions  Im*  made  and  then  mixe<l  ;  when  castor  oil  is  to  be  mix<*<l^^^*'j 
with  cnujlsion  of  alnioml  as  a  vehicle,  the  oil  should  Im?  emulsionis^ 
willj  tlie  HMjuisile  quantity  ot  acacia  and  water,  and  this  primary 
emulsion  then  dilutiHl  with  the  almond  enudsion,  out  of  which  the 
iftter  necessary  for  the  previous  emidsitiattion  of  the  oil  has  been 
etained^ 
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Whenev^er  an  oil  emulsion  is  made,  the  rule  ^hotild  be  observ 
never  to  measure  the  water  in   an  oily  graduate,  a^  i*therwit>e  oil 

Srtieles    mi][;:ht  be    flubfiequently    imrritxl    into  the   mixture,  and, 
rmg  to  be  emulmlicd,  eventually  rise  to  the  surface*     The  view 
held  Gy  some  authorities,  that  a  good  emulsion  is  ea|)able  of  emul- 

jsifyiug  additional  quantities  of  oil,  retmires  modifieation,  as  already 
>inted  out   by  Mr,  Gernird,  of  England  ;  for,  altlKwigh  a  jierfet-t 
ixed-oil  emulsion  aflmit^  of  the  incorjKinitiou  of  more  oil,  this  latter 

foil  will  nut  undtTgo  emulsifittatlon,  but  In?  dimply  intimately  mixed, 
as  am  be  proven  by  the  addition  of  water,  %vheri  the  newly  added 
oil  will  separate.  A  f»erfn*t  artifieial  emulsion  sliouI<l  have  a  milk* 
like  appeaninw  and  ecmt^istentv,  Ih*  mis<ible  with  water  without 
separation,  should  flow  readily  from  the*  mortar  witliout  leaving  any 
atthuriog  partieU»ii,  so  that  it  can  l>e  washed  with  plain  water,  and,  if 
separation  takes  place  atter  ^tanding  at  rest  for  some  time,  a  enam- 
Ilk**  layer  i*hi>utd  rii?e  to  the  surlat?e,  which  can  be  quickly  i^nnmrp*' 
rati^l  by  agitation,  UsaLis  detrimental  to  the  permanence  of  cmul- 
iiions  and  causej?  separation,  so  also  large  quantities  of  aleohid  or  sadine 

fmatter.  Si»l>9tances  which  have  a  tendency  tc»  absorb  water,  Huch  as 
IMgtiti^ia,  must  not  l>e  mixed  with  the  emuUion,  unk*H8  previoui^ly 
domplcttly  hydrated.  All  salts  should  be  added  io  the  form  of  solu- 
tion, and  together  with  tinctures  and  other  ala)hollc  liquids,  not 
until  the  primarv  emulsion  has  been  pnqierly  dilute*!. 

Emulsious   ot    ether,  chloroform,  oil   of  tur|>entine,  and   other 

lYolatile  liquids,  aix*  best  pn?|jart\l  by  a^n'tation  in  a  l>ottle  after  the 

aanner  first  suggestrtl   l>y  ForlK-s.     The  liquid  to  1r*  emul^iouiaseil  is 

poured  into  a  perffcUydry  bottle  and  the  powclered  acacia  added,  after 

which  the  bottle  is  well  shaken  so  that  tlie  aatcia  uuiy  Ix'comc  satu- 

rat**d  with  the  volatile  li»|uid  ;  writer  i«  then  added  and  agitation 

LOoutinued  until  a  ho!nogt*u<Hiusi*mulsif)n  riisult^^  which  can  l>e  fur  ' 
lituti-^l  l>y  the  gradual  athlititui  of  water,     Vulatile  oils  ami  ctln 
liquids  will   never  tbrni  as  iicrfinl  an  emulsion  as  HxihI  oils,  and 
Dparution  of  the  mixture  take^^  plaice  moresjw^lily  ;  if  nire  has  Ixvu 
l>b«»erved,  however,  in  making  the  mixture,  only  a  dense  <*rearay  layer 

^vnW  riR'  to  tlje  suriaee,  which  van  be  reincorjMiratetl  by  agitation. 
A»  A  rule,  volatile  oils  and  ethei-s  reijuire  motv  gum  than  fix^^d  oils, 
md  Ici^g  than  30  grains  of  |K»wdcre«l  at^cia  shtiuld  not  bt'  ii'^l   tor 

Ffiich  ttuidmcliU) ;  tlie  aaxnuit  of  water  first  addtKl  hhouUI  always 
Im*  eiiual  to  twice  the  acacia  used.  Oil  of  turpentine  unites  very 
readily  with  water  and  gum,  and  it  is  surprising  to  see  how  small  a 
quantity  i»f  gum  will  sutBee  to  form  a  iierfeet  emulsion  from  whieli 
[ki»  oil  will  se{)arate  in  an  uucombinecJ  form,  tmly  a  dense  creamy 
iver   rising,  cum^MJSt^l  of  the   tul    of  tuqjeutinc,  gum,  and    some 

'Orator  iu  intimate  union  :  20  gniinn  of  powdered  acacia  shaken  in  a 
totf  e  with  1  fluitlouuoe  of  oil  of  tur^ientine,  and  4  tluidrachms  of 
water  then  added,  will  yield  a  very  satisfactory  emulsion,  which  can 

rbe  kept  for  day*  without  i«ef»arating  an  oily  layer.  All  emulsionF  df 
rolatile  oils  are  more  permanent  if  made  with  the  aid  of  some  tix-  'I 
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uil  previously  added  to  the  volatile  oil;  sucli  emulBions  are  preferably 
m;i(le  in  a  mortar. 

When  powdered  tmgac^autli  is  jireferred  as  an  emulsifying  a^nt,  it 
may  be  used  in  the  jiraportion  of  caie  tenth  or  one-eighth  of  the  ueces- 
aary  weight  of  aincia,  and  refjuired  fmm  10  to  20  times  its  weight  ot 

-Water  ;  it  should  be  thoroughly  luixfxl  with  the  oil  io  the  mortar  or 

f  bottle,  BR  the  case  may  be,  ami  after  the  addition  of  water  the  mixture 
should  l>e  rapidly  stirred  or  shaken  until  the  primary  emulsion  has  been 
formed.  Tlie  ili  vision  of  oil  globules  by  means  of  mucilage  of  traga- 
canth  is  much  cKMirser  than  with  acacia,  hence  tragacanth  emulsions 
are  nevi-r  so  white  nor  seemioiijly  so  perfect;  but  owing  to  the  viscosity 
and  magma-like  condition  of  mucilage  f  if  tragacantfi«  the  oil  globuh^s^ 
although  not  finely  divided,  are  kept  from  re-uniting,  und  thus  separ- 
ation of  an  oily  layer  is  prevented.  Mixtures  of  tragatanth  and 
acacia  are  often  employed,  particularly  in  the  emulsificatiou  of  cod- 
liver  oil,  to  obtain  greater  protection  against  separation. 

Yelk  of  egg  has  long  been  known  as  a  valuable  excipient  in  emul- 
sions, particularly  when  acids  or  large  proportions  of  alcoholic  liijuids 
are  to  Ije  added.  One  yelk  from  an  e^g  uf  avei'age  size  will  suffice 
for  1  fluidounce  of  a  fixed  oil  or  (i»r  h  fluidounce  of  a  volatile  oil ; 
in  place  of  the  simple  yelk,  the  official  glyccrite  of  yelk  of  egg,  alao 
known  as  glyconin,  ot'  which  ^  fluidounce  is  necessary  for  an  ounce 
of  fixed  oil,  has  l)ccn  used  with  decidrnl  advanlag<\  In  either  case 
the  oil  should  Ije  added   in  small  ([uantities  to  tlie  yelk  of  egg  or 

I  glyconin,  previously  rubl)ed  smooth  in  a  nifirtar,  eacfi  i>ortion  l>eing 
thoroughly  incorpa rated  l^tore  another  addition  is  made  ;  if  the  mix- 
lure  s  hoi  dd  become  inconveniently  thick,  a  small  tpiantity  of  water  may 
be  intnKluced,  and  after  all  the  oil  has  Ix^n  eniulsifitxl  the  pre?*cnl>e<l 
amount  of  water  is  added,  likewise  in  divide*!  portions,  with  <.H>nstant 
stirring.  The  i-eadiness  witli  which  yelk  of  egg  unites  with  fixed 
oils  is  due  to  the  fact  that  it  i^  itself  a  natural  emu Ision  of  an  <hI 
and  albuminous  matter.  Some  little  care  is  nwx«sary  in  removing 
the  yelk  of  egg  fi-om  the  shell,  to  avoid  contamination  with  the  white 
or  albumen,  which  has  a  tendency  to  form  clots  in  the  emulsions. 

Among  other  emulsifying  agents  introduced  during  the  last  ten 
years,  none  has  Ik^^u  more  extensively  usefl,  fmrticularly  on  a  large 

I  scale  by  manufacturers,  than  mucilage  of  I risli  moss.  Toward  fixed 
oils  the  mucilaginous  matter  of  Irisli  moss  l»ehaves  somewdiat  like 
tragacanth,  jmrticularly  if  the  solution  of  the  former  be  made  some- 
what thick.  This  nuicilnge  is  made  by  washing  the  drug  with  cold 
water  to  remove  saline  and  other  foreign  matter,  then  besitiug  it  with 
the  riHpunil  i|uantity  of  wafer  in  a  dish,  for  fifteen  minutes  on  a 
boiling  water  hiiU^  and  finally  straining  the  mixture;  the  strength 
of  the  ituKalagi*  may  \h.*  from  10-l.j  grains  to  the  ounce,  that  of  the 
Nationtil  - 
aance 
being  made  '      J  ''  ^^    '        [in  small  portions  to  the  mucilag»MH>n- 

^laini^l  in  a  1  4  briskly  atler  each  addition  ;  afler  all 


le  ituKalagn.*  may  l>e  from  10-l.j  i^rains  to  the  ounce,  that  of  the 
i}n(d  Formulary  lH*ing  12  grains.  A)f  the  latter  mucilage,  1  fluid- 
&  is  tH)n8idennl  suflieient  for  1  ilniiiounce  of  oil,  the  emulsion 
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the  oil  bus  liecn  ennil^iiini^  syrup  ur  iiMiiv  wutir  may  l>c  aclded 


dil 


thi 


uenL  hiniilsjons  ma«io  with  Irish  moss  arc  not  8o  whito  iuh  thusi' 
miuie  with  acat'in  aiifl  cN>niuin  th<t  oil  in  a  marscr  stulp  of  *li vision  ; 
some  inannthrturen^  a<hl  lunrm  tn  (he  Irish  moss  mudlngt*,  in  order 
to  iui|irove  tfi<*  emnLsiiui. 

While  milk  itH«'l('  is  n  w-t  >  |MW>r  emubifier  of  fats  and  fixdl  oils, 
itii  tilbumiiioid  ci»o.stitiHu»t^  raseiii,  la  i^iicl  lo  l>e  even  siiji**rior  to  afraria, 
AnH»r(lin^  to  Ia%vv,  a  French  (ihannaciwt,  it  ia  U*!  nsiinl  in  tht*  form 
of  a  wKX'lianited  |>owcIer,  prejmrtd  as  folh>vvs :  To  4  quartt*  of  milk 
warm(-d  to  40°  V,  (1*^4°  F.)  add  2J  fluidoiiu*^*^  tif  ammonia  wah-r, 
and  afler  setting  aside  for  twenty-four  honrs^  withdraw  the  lower  milk- 
s^nuu  irom  the  upjier  fatr y  layer.  Precipitate  the  casein  from  the  milk- 
nerum  by  addition  of  acetic  acid,  and  wash  the  precipitate  by  dtM  ;ui- 
tatiun  with  water  warnicd  to  about  40^'  C.  (104'^'  F.)  ;  finally  colU .  i 
on  a  welted  mnslin  strainer  and  cxprcsH  the  moisture.  I^etermiue 
tlje  amount  of  dry  cafscin  in  the  residue  l»y  heating  a  weighed  portion 
to  complete  dryness  in  an  air-bath  ;  add  10  grammes  of  sodium  bicjir- 
bonate  and  Mifficient  sugar  to  olilain,  when  dry,  a  powder  containing 
lU  ]wr  cent,  of  \U  weight  of  cn?*ein.  The  nuiKs  rnuHt  Iw  dried  at  a 
,  gentle  hcrsit  an«l  powdertHl  ;  it  ke<*|)s  well  for  a  long  time  in  seinm^ly 
ct>rktHl  bottles.  For  oil  emulsions^  l>*g**r  nM"omm<'nilsthc  making  of  a 
mucilage  of  15  parts  *>f  8ac<'han4t<d  casein  with  5  parts  of  water,  and 
adiliiig  to  this  in  snadi  portions  15  parts  of  oil,  stirring  wdl  olW 
each  addition;  Hnally  dihiting  the  emulsion  hm  reiiuiretl. 

Conilcn&wHl  milk  had  aU*  i>e<'a  suect^sfuUy  uscil  an  an  enndftlfVing 
agtjnt  for  castor  oil  and  coddiver  oil.  A  rtuidouiKx^  of  the  oil  m 
niix<*<l  by  trituration  in  a  mortar,  in  small  quantities,  witlj  ime-half 
fluidtmm^  of  eondensetl  milk,  and,  when  emulsitjeil,  one-half  6uid- 
ounce  of  water  ia  slowlv  added,  with  constant  stirring.  Suchemnb 
j»ion8,  however,  do  not  l)ear  dihttion  w^ell. 

Anotlier  enmlsifying  agent,  rcoommendttl  as  a  substitute  for  acacia 
by  some  pharmacies,  is  i  "  .►  of  dextrin »  to  be  uiied  in  the  nro- 
[lortion  of  5  or  <3  fluidt  ^»  1    fluidounce  of   fixed  oil.      The 

mucilage,  attxinbng  to  the  Atttiomif  Fonnnhry,  is  niaik*  bv  hefiting 
1  ouni*e  ui' white  dextrin  with  2  ounces  of  water  to  near  b<jiling  until 
the  dextrin  is  dissolved  ;  any  losw  of  water  by  evaporation  is  ma*U*  up 
00  that  the  prodtKl  weighs  l\  outH-«*s;  when  tlie  mucihigt*  has  (*oolea 
abort  of  gelatinizing,  it  is  ready  for  use*  in  the  samr  manner  as  muci- 
lage of  Irish  mtjes. 

The  mumnnceous  principle  of  ciuillaja  po^^sesiSi^  the  pro|ierty  of 
dividing  and  MUS|wn(iing  oil  glolail<*$  (piite  well  if  uskI  in  suflident 
quantity^     The  oflicial  tinctureof  soa|Hl»ark  may  l»t»employHl  in  the 

Crop>rtioJi  of  2  tluidnichms  for  each  tluidounce  *if  tixeil  oil,  or  of  one- 
alf  ttMin»*  fluidomjd*  for  eaeli  tbiidt>unet»  of  volatile  ofl,  but  owing 
to  the  irritant  projMrtii-s  of  ciuillaja,  it  must  lie  useil  with  care,  and 
thenrfortM'annot  be  rtXHimmenaed  for  use  indiscriminate! v. 

For  making  fnun  one  to  tive  gallons  of  emulsion,  tlie  apparatus 
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known  as  the  Morton  Patent  Egg-Beater  or  Whisking  Machine, 
illustrated  in  Fig.  205,  has  been  found  very  serviceable  and  satisfac- 
tory ;  it  is  made  of  heavily-tinned  iron,  and  supplied  with  a  water- 
chamlx?r  underneath,  by  means  of  which  either  hot  or  cold  water  may 
be  employed  for  tempering,  whenever  desired.  The  upper  tank  is 
provided  with  a  rounded  bottom,  and  the  emulsification  is  effected 
by  means  of  several  heavy  wire  beaters  in  circular  form  revolving 
rapidly  in  opposite  directions  within  each  other,  whereby  constant 
cross-cutting  of  the  mixture  and  most  perfect  dashing  of  the  con- 
stituents is  insured  ;  to  prevent  dust  from  entering,  the  tank  is  pro- 
vided with  a  well-fitting  top.  The  l)eaters  are  easily  removed  by 
withdrawing  the  frame,  and  the  apparatus  can  be  quickly  and 
thoroughly  cleaned. 


Fig  205. 


The  Morton  I'atcnt  Eiirg- Boater. 

When  emulsions  are  to  be  made  on  a  large  sc^le,  the  usual  plan  is 
to  add  the  oil,  in  a  thin  continuous  streiim,  to  the  mucilage  contained 
in  a  suitable  churning  apparatus  ()|)erated  by  steam  power,  the 
mixture  being  kept  in  constant  agitation  by  rapidly  revolving 
metallic  blades  frequently  provided  with  numerous  perforations.  In 
this  way,  10  or  15  gallons  of  oil  can  l>e  completely  emulsified  in  the 
course  of  a  day. 

The  Official  Emulsions. 

The  Pharmacopieia  recognizes  four  emulsions :  one  made  from 
scvd,  two  from  gum-n'sins  and  one  containing  chloroform  together 
with  a  fixeil  oil.  In  each  case  spiHMfic  directions  are  ^piven  for 
manipulation,  which  agree  with  those  explained  elsewhere. 
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Alphabetical  List  of  the  Official  Emulsions. 


Offlciftl  Name. 

Emulsum  AmmoDiaci 
Emulsum  Amygdals 


Emulsum  Asafa'tids 
Emulsum  Chloroformi 


ComposltioD. 

Ammoniac 

Water,  sufficient  to  make 

Sweet  Almond 

Acacia    ... 

Sugar      .... 

Water,  sufficient  to  make 

Anafetida 

Water,  sufficient  to  make 

Chloroform 

Expressed  Oil  of  Almond 

Tragacanth    . 

Water,  sufficient  to  make 


4(Jm 

100  Cc 

<>Gm 

1     " 

3    •* 

100  Cc. 

4  Cm 

100  Cc 

4  *' 

6   " 

15Gm 

100  Cc. 

Special  Remarks. 

Emulsion  of  Almond.  The  acacia  and  sugar  prescribed  in  the 
official  formula  are  by  no  means  essential  to  the  formation  of  a  per- 
fect emulsion,  although  they  add  to  the  stability  of  the  pre|)uration. 
Emulsion  of  almond  more  closely  resembles  cow's  milk  in  api>ear- 
ance  than  any  other  seed  or  oil  emulsion  made ;  the  fixed  oil  present 
is  kept  suspended  in  a  very  fine  state  of  division,  by  means  of  the 
albuminous  matter  known  as  emulsin  or  synaptase,  which  constitutes 
the  chief  body  of  the  seed.  Blanched  almonds  should  always  be 
used,  so  that  a  pure  white  liquid  may  n«ult.  Almonds  are  best 
blanched  by  macerating  them  in  warm  water  until  the  skin  bei'omes 
loose,  when  it  can  be  quickly  removed  by  simple  pressure  In^tween 
the  fingers.  Emulsion  of  almond  should  always  \w  made  fresh 
when  wanted. 

Emulsion  of  Chlorofat'm.  The  official  formula  yields  a  stable 
emulsion,  from  which  neither  chloroform  nor  oil  separatees  even  in  a 
week's  time,  but,  since  the  preparation  is  never  kept  in  stock,  a 
smaller  quantity  of  tnigacanth  will  prove  equally  efficacious,  and  I 
should  prefer  to  reduce  it  to  two-thinls  of  the  prescribed  quantity, 
which  yields  a  more  fluid  but  verv  satisfactory  emulsion. 
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particularly  id  di 


The  term  '*raixturr'*  in  pharmacy,  and  more 
pensiDg  operations,  is  applicxl  to  licjtiid  medieineji  which  either  con- 
taiD  iosoluble  snbstanccjs  In  suspension  or  are  tx>ra posed  of  two  or 
ni(»re  liquids,  with  or  without  the  addition  of  saliueor  otfier  material 
in  solution ;  in  \ts  more  n^tricte*^  application  the  term  is  applied  to 
such  medicines  as  are  intended  for  interna!  administration.  In  only  a 
few  ttises,  in  which  the  stability  of  the  preparation  for  a  considerable 
leu^h  of  time  can  be  reasonably  assured,  are  mixtures  kept  in  stock; 
hence  the  extemporanef»us  preparation  of  mixtur*^s  is  a  matter  of 
Cijnstant  ixruri*ence,  as  it  is  a  favorite  metlirHil  of  administering  mcdi- 
Dines  with  physicians,  bei*ause  more  extended  use  t^an  be  made  of 
fexcipients  and  flavoring  agents,  with  the  view  of  imuroviiig  the  mix- 
ture pharmaceutiadly  and  therapeutically.  Consicierable  skill  and 
judgment  are  fre<juenlly  nc^cessary  in  the  pi-eparation  of  mixtures,  so 
that  the  object  of  the  preserib*>r  may  bo  fully  attained  and  each  f*mc- 
tion  of  the  mix-ture  contain  an  alifjuot  part  of  all  the  ingredients. 
All  insoluble  or  only  jtartly  soluble  substances,  particularly  those  of 
a  vegetable  nature,  sliotild  be  brought  to  the  condition  of  smooth  and 
uniform  susjieusion,  by  trituration  in  the  form  of  very  fine  [X)wder 
with  the  liquid  in  the  mortar :  this  is  best  done  by  first  rubbing  into 
a  srao<>th  paste  with  a  portion  of  the  liquid  and  then  diluting  this 
with  the  remainder,  ci>nstiintly  stirring.  Calcined  magnesia  or  mag- 
pHesia  and  chan'oal  can  Ix'st  lie  brought  into  a  uniform  mixture  with 
r Water,  by  stirring  at  onct*  with  sufficient  water  to  overcome  the  ten- 
dency of  the  magnesia  to  **set'*  in  a  gelatinous  mass;  a  jftnall  t[uantity 
of  water  added  to  ealeinerl  magnesia  also  i^auses  it  to  become  gritty 
and  diflicujt  to  mix.  S*>mc  prefer  to  add  the  magnesia  to  the  water 
and  ditbisc  fiy  agitatinn.  In  all  cases  the  mixture  should  be  iiassed 
through  a  lousely  texturtnl  c  loth.  All  jMJwerfnl  remedies,  sut^i  as 
mertnnic  chloride,  arseuous  acid,  the  salts  of  morphine,  strychnine, 
etc.,  sluiuld  always  l>e  Ijrought  to  a  state  of  st>lution  before  they 
are  added  to  the  other  ingnxlienLs  of  a  mixture,  90  as  to  insure  a 
unilbrm  di«»tribution  throughout  the  liquid.  Substances  which  are 
readily  diffusible  in  the  liquid  by  agitation  of  the  bottle,  do  not,  as 
a  rule,  require  the  addition  of  ati  excipient  to  insure  their  unifnrfn 
mispcnsion,  but  other  ins^iluble  substances  which  arc*  relatively  mii'  li 
heavier  than  water,  or  are  incliued  to  float  on  the  surface  of  the 
lifpiid,  demand  the  addition  of  some  mucilaginoue  or  other  IxkIv  to 
increuifte  the  density.     Syrup,  glycerin,  or  honey  is  freijuently  prefer- 
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iible  t<»  a^W'in  or  tru^«'4iritli»  esjKH'iully  in  thr  f^se  of  heavy  mctallJr 
salU,  liahle  to  furiti,  with  ihr  g«mi»  a  compact  masd,  which  ciinriut 
W  tviidily  siispeTidril  by  agitation. 

Formerly  enii]lfl)on««  wert!  n^'o^oiztJ  arnoa^  the  mixturps,  but 
th^y  urt^  now  e*)tisideml  as  a  tbstinet  t*lai4a  of  j»n*pnruli(>us,  ih**  rhar- 
act**risti*'S  nf  which  Iiave  hmui  de-^rnbed  iii  ihc  |»re4'e<ling  chaplrr. 

Iti  coiiuectiou  vvitli  tlie  jm*|Kinitioii  of  mixtures,  it  l»e(iiriu'8  titXH*;*- 
wary  to  c^onaider  the  »ubji*rt  of  iac'oinptUMbly ;  this  term  is  a(tplii<l 
lo  the  antagonism  or  di.sabibty  i>f  harmonious  eoc*xistem(%  which  ih 
exhibitetl  by  numerouB  Hiihstanees  when  broii^;ht  into  contact  with 
c«?rtaiu  otlier  substances.  Litjuids  whicli  are  not  mutually  inter- 
«iolublc,  although  tluy  can  Ije  brought  into  homogeneous  mixture 
with  the  aid  of  excipients,  are  often  said  to  be  incompatible  with  «!ach 
other,  a«  in  the  case  of  tixetl  oils  and  water,  chloroform  and  glyc^erin, 
etc.  \  but,  utrictly  speaking,  the  term  incompatibility  in  pharmacy 
refer-^  to  the  relation  exifttinjr  between  two  or  more  bcnlies,  l>y  reason 
of  which  they  cannot  Ix*  mixed  without  undergoing  or  prcnluciug 
wjme  change  of  a  physicjil  or  chemical  nature.  Three  kiii*ij!i  of  in- 
compatibility vxmi — pharmaccutiail,  <'hemiciib  and  theni|M'titical,  of 
which  the  nharmacist  must  take  note,  and  for  the  projKT  understand- 
ing of  which  he  must  rely  upon  Iii8  kui>wlc<lgc  of  the  phv^sic^al^ 
chcmiml.  and  nKnlical  prop<*itic??  <»f  drugg. 

Pir,\nMA<'EirTICAl.  Inoompatibmjty  is  such  ai*eHe<tH  the  phv*»i- 
«al  pro[K'rtic!!i'  of  gutwtanc*^^  and  is  chi«*fly  <'outiucil  to  l!i(»ir  hc»I ability  \ 
it  may  n'^nlt  in  the  partial  nr  lotui  scparaliiiu  of  matter  held  in  •solu- 
tion, whic*ii  may  in^^ludc  vahial)h*  (M)u$titutnit.s  of  the  mixture,  or  it  n\ny 
i^imply  ciinse  a  scj»arjiti<»n  of  li<juids  from  eaeh  other.  The  changes 
iiie  t<»  phannactMitic^l  inmmjiatibility,  being  entirely  of  a  pliysi*!!! 
bharacter,  can  often  Ih^  avoidtnl  or  overc«»me  by  judicioun  manipula- 
tion or  bv  the  addition  of  some  Huitable  excipient  or  prote<'tiv(*  agent. 
The  mixture  of  strongly  ahM>holir  litpjids  with  sr»lutions  <if  acacia — 
of  acid  or  neutral  atjueous  liipiids  %vith  resinous  tincturei — of  alcoholk; 
or  ethereal  solutions  of  volatile  oils  and  other  substances  with  a^ueons 
Uquids — the  aiJmixture  of  solids  which  uudertf«>  liquefaction  by  reason 
of  iiM  '^ity,  as  in  the  case  of  cajn    '  rh  solid   fats,  chlot*al 

hydr «  II*!,  salol^  menthol,  etc. — ti  »u  cifciertain  metallic 

llts  to  vegeiabic  solutions,  causing  gt^laiinization,  as   in   the  cai.e 

tinctune  of  ferric  chloride  ami  m milage  of  ac^acia — are  all  in- 
stances of  pharmac^'uttcal  ineompatibilitiefi.  In  many  cases  of 
pliyisical   n  '  ^'ty,  the  trouble  may  Ik»  averted  by  *  t 

dilution  I  .  jh  for  iuHt^mcp,  when  spirit  of  i 

or  tincture  M  Uvvu*  rlil  rr  I  rs  tu  U?  mixed  with  a  Mtron^^  noe  dagc 
ofa^'at^ia:  a  |>erfix*tly  liirfii  'niiju»<  mixture,  t>*t*  from  pn.»cipitntc  or 
gelatini^ratioUy  i*an  lie  pn^pare*!  if  the  nmcilagf*  vls  utII  as  the  spirit  or 
tr  *  -  fso  fir^t  largely  diluted  with  water,  and  such  >*houtd  lie  the 
ii  rule    when    thi^?    Mul)Htanoi*s    an*     pnwTibed     t(nri*ther. 
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6e])aration  of  the  Ruinous  matter  will  invariably  rcj^nlt,  unless  a  pro- 
tei'tivc  ageut  is  present,  hv  meun.s  of  wliidi  the  finely  dividnl  pre- 
cipitate is  kept  in  perlefn  suspension.  Syrups  and  glycerin  ai^e 
fr»H|uently  assoeiatcxl  with  resincnis  tinctures  liy  physirians,  for  the 
purpose  of  avoiding  the  si^paration  ol*  resin,  and,  ifusrd  in  suilicient 
rpmntitVf  will  answer  the  purjwjse;  in  the  alisem-e,  however,  of  such 
provision*  it  is  the  duty  of  the  pharmacist  to  add  siirae  inert  sul> 
slance  wliieh  will  euabk^  hirn  to  prepare  a  mixture  of  uniform  eora- 
jiosition,  Tf  the  foUowing  two  pre.*<'riptions  be  dis|)ense<l  exactly  as 
onlerod*  the  resin  of  the  tincture  in  ht»th  cases  would  l>e  precipitated 
and  gradually  deposited  ou  the  sides  aii<l  l>ottom  of  the  liottle,  thus 
de[)riving  the  patieut  of  an  imp(»rtant  jKirt  of  the  mtKlieme;  no 
amount  of  shaking  will  even  tetnfiorarily  suspend  tlve  preeipitated 
resin  uuiformly,  but  only  increase  it'^  separation  froju  the  litpiid. 


H. .— PotassH  Bromidi  . 
Tinct  Lupulini  . 
Aqu»e  M^nthit'  Vir. 


or 


-Potiuwii  (Jhioratb  . 
Tine!  (Jimiaei  .  • 
Aqufi'     *     *     f\  s  ad 
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By  mixing  the  resinous  tinctui'e  or  fluid  extract  with  powdertnl 
tragjic*anth  in  a  niortaj\  and  then  adding  the  water  or  saline  solution 
gnulually,  with  constant  Btirrin>c,  a  |»erieet  mixtui-e  can  Ik?  obtained 
from  which  tlie  sus|)ended  ivsin  scjiarates  very  slowly  in  a  finely 
divided  form,  so  as  to  be  readily  reincorporated  by  simple  agitation* 
The  prt>portion  t)f  tmgaeanth  to  l)e  used  will  depend^  to  some  extent, 
uptm  the  volume  of  dihition  ;  for  instance,  in  the  above  prescriptions, 
1  (J  or  12  grains  will  be  amply  sufficient,  whilst  if  a  6  oz  mixture  were 
intended  15  or  18  gniini^  would  he  preferable.  As  a  rule,  10  grains 
of  tragaeanth  will  lie  re<pilrtHl  for  eae^h  fluidouoce  of  a  tincture  or 
half  fliiidounw  of  a  fluiil  extract. 

The  turbidity  caused  l>y  the  partial  separation  of  volatile  oil  or 
otfier  bmlies  wlien  an  alcoholic  solution  of  the  same  is  added  to 
aqueous  fluitls,  is  due  to  tiie  decreased  solubility  of  the  sulistanoe  in 
the  diluliHl  spirit  an*!  cannot  l>e  overcome  by  the  ordinary  methods  ; 
filtration  with  the  aid  of  such  media  as  purified  talcum,  calcium 
.phosphate,  etc.,  is  Uiit  abvayn  permissible,  and  then  the  n  ^n  of 

^ilie  genend  rule — n*fVfrto  dht^imMe  a  miriurr  coaUtiniiuj  in  nuUrr 

trithoiiJ  tt  **  Shah  treii  before  using  *•  hbel — is  all  that  enn  be  dime  by 
tlie  |>lmrmacist. 

Chhmioal  iNCOMPATiBiLrrv,  as  its  name  indioatefl,  de{>end$  upon 
_the  4  'h e  m  i  151 1  [ » i*o[>e r t  i  es  of  s  u  bsta  n ces,  an  d  i  n  va  r  ia b ly  i  u  v ( A  ves  d  tn^iom - 
>o-ition  of  one  or  all  of  the  Ix^lies  lirought  into  conta<-t,  witli  the 
residiing  formation  of  new  i^impound.-.  The  existence  of  chemical 
ineouitmtibility  has  proven  most  valuable  in  the  study  of  inorganic 
and  organic  omtter,  and  forms  (be  \y&H\H  upon  which  rests  the  very 
extcni^ive  superstructure  of  analytical  cliemistry.  Chemical  decom- 
positicm  is  not  always  awomfwinliHl  by  the  separation  of  lustduble 
mriiter,  for,  in  numerous  newly  formed  ci5m|>ound  is  per- 

fectly soluble  in  the  liqii  rit^     Among  the  most  ilangerons 
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iiKHjiupatililes  are  mixtures  uf  tlie  chlorates  or  ]»enniingaiiat4^i4  with 
rtatliJy  oxidi/able  f^ubhtances,  lieoee  particular  rsire  roust  be  excrci*^ 
in  bringing  the  former  into  intimate  contact  with  organic  matter,  so  aft 
to  avoid  posflible  i?erious  cxplo»ions. 

There  arc  dilicrent  conditionw  under  which  chemical  incorapati- 
bility  manifestii  itficlf,  chief  among  wliich  arc  the  following: 

1,  Two  salts  composed  of  <lifferent  acid  and  basic  radicals,  when 
brought  together  in  a  state  of  solution,  mutually  decompose  each 
otijer;  the  resulting  new  c»imjioiiudi^  may  both  remain  in  solution, 
in  which  ciisi'  nuCviden<XM»f  d^vompowitioa  isap|mrcnt  and  it  scarrvly 

.ieenis  pn>per  to  njnsiiler  the  two  salts  us<^l  as  incom[>atible  with  each 

*other,  as  when  solutions  of  ammonium  chloride  and  potassium  icwliile 

aiv  mixed,  or  those  of  cupric  bulpliate  and   zinc  acetate.     When, 

Ijowever,  one  of  the  new^  compounds  is  insoluble  in  the  litpiid  and  la 

deposited  as  a  pre^'ipitate,  true  incompatibility  has  been  established  ; 

as  in  tlie  ease  of  a  mixture  of  solutions  \A  lead  nitrate  and  jKitassiinu 

iodide,  lead  iodide  being  precipitate*!*    Sonietimes  the  new  ius^olulilc 

rcompound  cntej*s  into  uiuon  and  solution  with  one  of  tlie  original 

'subhtamx^s,  if  \\w  latter   in    piTsent    in   ex(?ess,  in    whieli    t-aiH*  the 

chemical  incompatibility  of  tlie  original  two  substancea  remains,  and 

the  resolution  of  the  insoluble  cttro pound  must  l)e  looked  ujwin  as  a 

new  operation.     Hueh  examples  are  pre^^cnted  by  mercuric  chloride 

and  p4»tassium   iodide,  if  either  salt  is  in  excess,  or  by  ]K>tassiura 

cyanide  and  silver  nitrate,  the  former  salt  lieing  in  excess 

2.  Salts  of  the  heavy  metals»  and,  in  many  instanei^Sf  also  those  of 
the  alkaline  eartljs  and  earths,  are  <lecxunpo8e<J  by  the  alkalies  or 
their  cjirbonatc^,  forming  in^^otuble  c<»m pounds,  hence  incMjnipatibility 

Lexists  lx'twe<»n  (sudi  snlts.     As  examples  may  l)e  mentionai  mcnniric 

ichloridc  with  potassium  hydroxide,  lime-water  with  stKlrunj  bic4irbo 
Date,  (iilcium  chloride  with  potassium  carlMiuate  and  alum  with  sodium 

r-earbonate. 

Bismuth  subnitnite  is  frecpiently  pres(Til>eil  in  n  mixture  with 
sfxiium  bicnrbonate,  and  almost  invariably  <|t*cMim|»of»ition  takes  plat^% 
rf^ultirig  in  a  more  or  less  vioh'ut  dis**ugagemcut  of  carlnju  dioxide  ; 
the  rcaetiiai  takes  place  slowly^  at  times  it  may  not  ixxnir  until  the 

rmixture  has  l»e**u  tmn.Hferretl  to  a  tKittle  and  i*4>rked.  The  remedy 
lies  eitlier  in  using  the  bismuth  hu bear Ikiu ate  in  place  of  the  subni- 
trate,  or  in  mixing  the  subnttrate  and  bicarl)onate  in  a  mortar  ami 
adding  a  little  boiling  water,  so  as  to  hasten  and  complete  the 
f«M?tion- 

8.  When  oxidijiing  agents  are  brought  into  direct  contact  with 
organic  matter,  chemical  reaction  at  once  ensues,  which  is  <  ' 

^violent  natun?,  and  is  among  the  most  im{)ortant  ina^mpn 
met  with*    To  this  ejass  lielongs  the  trituration  of  potassium  chlorate 
with  sulphur,  sugar^  tannin,  or  acacia ;  the  solution  of  chromic  acid 
or  potassium  jiermanganate  with  tdycHTin,  etc. 

4,  The  association  of  1  silver  with 

■gentsgivi^  rise  loan  e>  ;    flbility^  by  <*  i 
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the  ^^c^ld  aiid  silver  to  the  inetallio  state,  thereby  rendering  them  less 
soluble.  All  organic  matter  has  a  deeoniposinj^  effect  upon  the  com- 
pounds of  gold  and  silver,  but  more  particularly  glucose,  honey, 
syrup,  and  glycerin;  hence  these  should  be  avoided  in  prescriptions. 

5.  Salts  wlien  brought  in  contact,  either  in  the  dry  state  or  in  solu- 
tion, with  acids  or  basses  §tronger  than  their  own  acid  or  basic  radi- 
cals, will  aufler  decomposition »  the  result  being  new  compuuuds  with 
the  evolution  of  the  old  acid  or  base*  If  the  liberated  acid  or  base  be 
volatile,  it  will  be  given  off  in  gaseous  form,  and  may  cause  serious 
anuoyiince  to  the  dispenser  unless  prr»iKT  prct*autiou6  \ie  observed. 
The  preparation  of  the  official  solution  of  ammonium  acetate  proves 
the  incompatibility  of  all  carbonates  witli  acids,  and  the  developnjent 
of  ammoniacal  vapors  when  ammonium  ?alts  are  triturated  with 
potassa  proves  the  incompatibility  of  salts  with  stronger  liases. 

Whenever  carbonates  are  pivsc-rilx'd  with  an  acid  liquid,  the  dis- 
penser should  allow  the  reaction  to  be  completed  betbre  corking 
the  vial,  so  that  the  grt*ater  portion  of  the  gas  may  escape,  and 
caution  the  patient  to  keep  the  vial  in  a  cool  place  and  not  violently 
agitati.'  it  If  a  viscid  or  saponaceous  liquid  is  also  to  be  addetl, 
as  mui  ilage  or  syrup  of  soui^ga,  it  is  all  the  more  important  that 
chemical  i-ciiction  l)e  allowed  to  subside  Ijcfore  the  addition  is  made, 
and  that  as  little  (.-arbou  dioxide  as  possible  l>e  kept  in  the  solution. 

With  some  physicians,  the  following  is  a  favorite  prescription  : 

tt.^ — Af  ■   irbonHtis  \     ,,  ^. 

A  .loridi      ]-    ^^         .         .  .         .         •      dJ- 

':  .^n     }     ** 5i.    • 

S}  iiani 3y, 

Ft.  sol. 

The  proper  way  of  mixing  these  ingredients  is  to  rub  the  salts  to 
a  fine  powder,  and  add  to  them,  irAiVc  m  (he  mortar^  the  syrups  of 
squill  and  tolu  previously  mixed,  stirring  the  mixture  with  the  pestle 
untif  i'ff'erre^cence  ceases  ;  fiually  add  the  syrup  of  senega.  If  a  j>er- 
sistcut  froth  forms  on  the  surfatv  of  the  liquid,  this  may  Ije  quickly 
disjielled  l>y  mrefully  sprinkling  a  ihw  drops  of  alcohol  over  it,  before 
the  mixture  is  tmnsterred  to  a  btittle. 

To  this  rlass  of  iueom|uitiiiilittei^  l>e!ongs  also  the  decom|x>6ilioa 
and  piTcipitation  musetl  in  tluid  extract  of  liquorice  by  acids;  the 
sweet  princinle  in  liouorice  is  ammonium  glycyrrhizate,  which,  upon 
addition  of  dilute  sulphuric  or  other  acid,  is  decomposed,  the  glycyr- 
rhizin  l)eing  deprrsitetl  on  the  sides  and  l:K)ttom  of  the  vessel.  Phy- 
sicians Bometimes  prescribe  an  acid  solution  of  quinine,  together  with 
fluid  extract  of  liquorice,  in  the  i»ope  of  diF.guising  the  bitter  taste, 
o%^erlooking  the  fact  that  the  bitter  taste  of  quinine  Is  always  intensi- 
fie«l  by  bringing  the  latter  into  solution.  Ab  the  intend^  effect  of 
the  liqtiorict*  is  deiVatcd  by  the  presenoe  nf  an  acid,  there  !a  but  one 
<:x)Urs<'  *»fx»n  to  thepharmat/ist  with  pi^  us  of  this  kind,  namely, 

to  omit  the  acid,  tritumte  tliequinin«  j.*  fluid  extrat*t  or  syrup 
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of  liquorice,  and  dispense  the  mixture  with  a  "  Shake  well  before 
using"  label.  It  is  advisable,  at  the  same  time,  to  explain  to  the 
physician  what  has  been  done,  giving  the  reason  therefor,  su  as  to 
avoid,  if  possible,  a  repetition  of  the  olunder. 

The  de('om|K>sition  of  salts  by  stronger  acids  or  bases  is  fre<iueutly 
resorted  to  intentionally,  as  in  the  well-known  "Neutral  Mixture,'' 
made  from  lemon  juice  and  potassium  bicarbonate,  and  in  "  Prt^stcm 
or  Smelling  Salts,"  composed  of  ammonium  chloride  and  lime,  usually 
flavored  with  oil  of  lemon  and  oil  of  lavender. 

6.  The  salts  of  the  alkaloids  are  decomposed  by  cerUiin  salts  of 
the  alkalies,  with  the  production  of  insoluble  or  si)ariugly  soluble 
com|>ounds,  therefore  such  combinations  require  thespwial  attention  of 
pharmacists  in  order  to  guard  against  accidents.  As  a  rule,  the  alkali 
carlKmates,  iodides,  and  bromides  are  incompatible  with  alkaloidal 
salts,  while  the  sulphates,  nitrates  and  chlorides  appear  to  cause  no 
trouble ;  hence  in  the  case  of  the  first-named  salts  the  directions  to 
shake  the  mixture  should  always  be  put  on  the  bottle.  In  a  few 
rare  cases,  when  a  sufficient  quantity  of  solvent  is  present  to  take  up 
the  alkaloid  in  its  pure  state,  it  may  l)e  preferable  to  use  the  latter  in 
place  of  its  salt,  as,  for  instance,  in  the  following  prescription  : 

R. — C'odeinip  Sulphatis gr  viij. 

Pota8sii  Bromidi ,?j. 

Aquiv  destillaUi*  .....       q.  s.  ut  ft.    ^'w. 

Ft.  sol. 

It  was  found  that  if  the  codeine  sulphate  was  used,  as  pres^rrilxKl, 
a  precipitate  invariably  formed,  which  was  with  difficulty  uniformly 
sus|)endoil  by  agitation,  but  by  using  the  pure  alkaloid  codeine  in  plaw 
of  the  salt,  a  |H»rmanently  clear  solution  was  obtained.  Morphine 
sulphate  is  .sometimes  prescribed  in  conjunction  with  smlium  bitxir- 
bonate,  the  result  Iwnng  a  minutely  crystalline  preiMpitate.  Quinine 
sulphate  and  |)otassium  acetate  should  not  1k'  associated  in  solution, 
on  account  of  the  slight  solubility  of  the  quinine  acetate,  which  is 
formeil  as  a  very  bulky  precipitate  and  may  cause  sol  id  if  legation  of 
the  mixture. 

7.  Vegetable  astringents  an*  incompatible  with  alkaloids,  gluco- 
sides,  albumen,  gelatin,  and  many  metallic  salts  ;  in  some  eases,  eurdy 
prd'ipitates  are  formed,  which  aflerwanl  adlu»re  to  the  side-s  of  the 
vt»sseis,  while  in  other  cases  light,  rradily  ditfusible  precipitates  are 
obtained,  or  |K)ssibly  only  turbidity  or  discolonititm  ensu(»s.  The 
chanieter  of  such  a  mixture  de|)ends,  to  some  extent,  upon  the  degrw 
of  dilution  an<1  the  pr(*sen(;e  of  other  bo< lies.  (Quinine  and  tannin 
are  sometinu»s  pn*scril)<?<l  together,  but  shouhl  never  1h»  trituratwl 
with  water,  as  a  tough  insoluble  mass  would  at  once  l>e  fornn»<l ;  the 
two  sulwtanei-s  an*  l)e>t  mixe<l  with  .*5yrup  and  afterwanl  dilut(»<l  with 
water,  if  ile-in'd,  when  the  insoluble  ({uinine  tannate  can  Ik?  readily 
sus]H'nde<l  by  simple  agitation.  The  formation  of  ink  de|K*nds  U[xm 
the  in(*om|Kitibility  of  tannin  with  iron  salts,  and  i^  a  fruitful  sources 
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of  annovanco  to  tlio  pharnmcist.  The  valiR'  of  tj^trong  coffbc  anil  tea 
or  similar  afitringeut  infusions  as  antidotes  for  metallit*  poisoning,  is 
due  to  the  formation  of  8|mriDgly  soluble  eom pounds.  Vegetable 
astringents  have  l>een  found  incon)[witil>le  also  with  spirit  of  nitrous 
ethtT,  seveml  explosions  having  <xK'nrre<l  fn>m  mixing  the  latter 
with  the  fluid  extracts  of  uva  nrsi,  matico,  geranium,  and  even 
gentian ;  the  gas  iil>erated  by  these  reactions  apjjeared  heavily 
chtti^ieil  with  some  nitrous  compound. 

The  presence  of  certain  protective  agents  has  been  known  to  avert, 
or  at  least  to  miniify,  the  chemical  decomposition  between  some 
substauoes;  in  such  cases  it  is,  of  cfourse,  essential  that  tlie  protf^tive 
agent  be  mixed  with  one  of  the  subsfauccs  before  the  uther  is  ad^letb 
The  tbilowing  exaujples  will  show  the  action  of  glycerin,  acacia,  and 
syrup,  in  this  respect.  Physicians  frttpiently  prest^^rilH!  cmiiine 
hydrochloride  or  morphine  salts  in  solution,  together  with  bonix, 
which  causes  pre<^ipitalion  and  thus  unfits  the  solution  for  uj^e ;  the 
addition  of  a  liule  glycerin  prts'cnt)^  the  dw** imposition.  Zinc  cldori<lc 
and  borax,  prescribed  togetlier  in  solution,  will  cause  the  formation 
of  insoluble  zinr  borate,  which  is  prevented,  however,  by  the  pres- 
ence of  glycerin  ;  strange  to  say,  such  a  clear  solution  containing 
glycerin  will  bear  further  dilutiou  with  water  only  up  to  a  certain 
|M>int,  Ix^yond  which  precipitation  ensues.  The  exact  action  of  the 
glycerin  in  the  forcgiting  cases  is  not  clearly  mKh*r»t^)o<],  but,  reason- 
ing Irom  the  oi]ht  of  glycerin  on  borax  alone,  it  may  be  assumed 
thai  a  similtu*  action  obtains  in  the  mixture  with  alkaloidal  and  other 
salts,  tlu'  glyt!erin  decx)mposing  the  borax,  by  liberating  a  part  of  the 
boric  acid,  which  itself  is  jierfectly  t?oni}>atible  with  the  salts  above 
inenlionc^l,  as  has  been  shown  by  making  the  solutions  with  Ixiric 
acid  instead  of  borax  or  Inr^rax  and  glytN^'rin.  On  the  other  hand. 
glyceriri  may  soirictimcs  n<'t  as  a  dislurl)ing  agent  and  causp  dc.'oni- 

Eositiim  which  otfjcrwisc  woidd  not  occur.  Borax  and  sodium 
icarlMtnate  are  pcrlec'tiy  compatible  in  a({Ueous  solution,  and  are 
frequently  prescribed  together;  if  glywrin  be  present,  reaction  is  set 
up  by  the  lioric  acid  liljci-atetl  fnim  the  l^orax,  and  the  sodium  biciir- 
bonate  is  defom|>orted  with  c<»pious  evolution  of  carlwiu  dioxide.  Such 
ft  mixture  must  Ite  made  in  a  murlar  and  tlie  reaction  allowed!  to 
subside  before  bottling  it. 

Corrosive  mercuric  chloride  and  lime-water  are  known  to  be  in- 
CM>mpatible,  but  are  often  ordered  together  with  the  view  of  utili/.ing 
tlie  freshly- fur meti  yellow  mercuric  oxide  in  moist  condition  ;  mer- 
curic chloride  will  also  pre*  i  pit  ate  at-acia  from  a  strong  scilntion,  but, 
if  a  <lilute  solution  of  mercuric  chh>ridc  lie  added  to  mucilage  of 
aoicia  and  sul)eequenily  mixed  with  lime-water,  no  precipitate  what- 
ever will  mx'UT  for  several  days,  when  finally  n  grayish  depi^it  of  finely 
divided  metallic  mercury  or  mercurous  oxide  is  formcib  When  a 
physician  oilers  such  a  combination  as  mercniric  chloride,  water, 
mucilis  uitt,  and  lime-water,  the  ol)Je<t  is  plainly  to  kt^p  the 

mertMii  iiettur  susiK^ndctl.  and  the  tntxture  should  Ije  made  by 
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■  a^din^  the  mtusibge  laist  of  all,  after  deoompositioo  of  the  mercari' 
ehlorkle  baB  been  oompleted. 

Cliemiciil  incuropatitiilitv  mar  reeult  in  rendering  a  mixture  Ion 

active  or  even  inert  from  the  formation  of  insoluble  compoundsy  as 

when  tartar  emetic  is  urdered  in  combination  with  syrup  of  vrtld 

rduTry  or  tiuctiire  of  digitalis  with  tincture  of  cinnamon,  etc.;  on  the 

'oth»T  haml,  \\w  mHliciiial  activity  of  the  mixture  may  Ije  intensified 

by  the  formation  of  poisonous  c'ompoimds,  a«  in  the  ctise  of  mcr- 

cunnm  iodide  with  soluble  icMlicles,  pi^Klucing  mercuric  iwiide  and 

mi'lallic  mercury,  or  the  association  of  calomel  with  soluble  chlorides 

or  iodide**,  etc      In  all  such  c«is<-?s  the  pluinnacirtf  shmdd  consult  the 

Iprc^rrilMT  and  acf^iiaint  him  with  the  pro8j>«.i'tive  rt^ult^. 

It  ruu^^t  not  lx»  KUpi>ofte<I,  however,  that  t»e<!ause  prwipitalion  occurs 
as  »i  result  of  chcniiail  inmmpatibility,  the  mixture  is  always  rea- 
(lenni  inert  thereby  ;  the  ilecomposition  is  often  intentional  wiih  a 
view  to  r^btatning  the  insoluble  compfjund  in  a  freshly  formtd  and 
mf>re  m*tivi*  conditi<>n.  Siieh  iiistances  are  found  in  the  well-known 
**  bltiek  wasli  ''  aiid  "yellow  wash"  (pre|iared  from  lime-water  widi 
cmlomel  ami  eornj^ive  Hubtimate  resjH*etively),  in  the  mixtui"e  of  !*«^lu- 
tion*i  of  tannin  and  of  k*ad  .Hubacetate,  whiefi  prtxluce  a  magma-like 
pn<ipitate  of  lead  tannate,  and  in  the  freijueutly  preAcribed  mix^ir^* 
of  zinc  sulphate  with  a  solution  of  lead  acetate,  jBjiving  the  fr- 
prt*ci  pi  tilted  lead  sulphate,  which  is  much  preferred.  The  otii^  ulI 
'coiiiptiiind  iron  mixtui'e  is  another  in«*tanee  of  intentional  d<NX)mposi- 
tion,  the  newly  formed  ferrous  carbonate  Ik*! ng  the  object  sought.  It 
rtHpiireis  no  little  judgment  on  the  part  of  the  pharmacist  to  discern 
when  the  prescriW  intentionally  orders  chemically  incompatible 
a«il»stantvs  together,  or  when  this  happens  from  a  want  of  familiarity 
'with  cliemir-al  rwictions. 

TlIKRAPElTTICAL    rxcOMPATiniMTY  dc^K'uds  cntinOy   upon    the 

antagoiiisTn  exii^ing  iM/twwn  drugs  in  reganl  tcj  their  physIo^^^^i('al 

elfe*!  or  mi-^liiiil  action,  and  does  not  profi 

fm.  30^.  lielong  to  the  domain  of  pharmacy  ;  the  reujidv 

>^^HI^^^^.      for  such  a  cHUidition  lies  solely  in  the  hands  of 

V^HL..^^^      the  physician,  who  is  sup|>ostMl  to  be  familiar  with 

%     I       ^m         tile  re<mirements  of  his  patients  and  the  thera- 

%    I      ^m  |ieuuc!al  action  of  drugi^i.  Sometimes  the  intendc;d 

\l^^^m  medicinal  effect  of  a  substance  is  destroyed  by 

i        ^^iZ^V  ohemif^t  action,  as  when  ammonium  carbtjnate  is 

?aaiiociatcd  with  syrup  of  sc|uill ;  thin,  however, 
Gaiioot  lie  eonsidereti  as  a  them|>i*uti(til  intxim- 
imtibility. 
While  It  is  well  understmxl    in   pn**MTiptio« 
practice  that  solutionis  shouM  always  U*  filtertxl 
thmugh  a  plfMlgii,  of  ciilton  pla<*t*<l  in  the  tlmmt 
of  a  funnel  to  remove  mote^  and  s|HH!ki,  the  rule 
bould   aU>  pn*vail»  in  ilisjw*up»ing  mixtnn-s,  that    the  mixture  be 
ImiuiHl  through  lu4tingM'lotlK  in  onler  that  th«'  tuiMiluble  matter  be 
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free  from  lumps  and  in  a  uniformly  divided  state;  the  straining  is 
best  accomplished  by  placing  the  bolting-cloth  between  the  upper 
and  lower  part  of  a  rubber  or  tin  funnel,  as  shown  in  Fig.  206, 
which  can  be  inserted  directly  into  the  prescription  vial. 

The  subject  of  incompatibility  is  practically  an  endless  one,,  but 
the  following  summary  will,  to  some  extent,  aid  the  dispenser  in 
determining  the  character  of  numerous  mixtures ;  it  must  be  borne 
in  mind,  however,  as  stated  before,  that  not  all  incompatibles  produce 
inert  or  poisonous  compounds,  and  that  while  in  many  cases  the 
incompatibility  can  be  overcome  by  appropriate  means,  physicians 
frequently  associate  incom|)atible  substances  for  a  specific  purpose. 


Summary  of  Incompatibilities.    (After  IIager  ) 


Acacia 

Acids  in  general 

Acid,  Arsenous 
Acid,  Carbolic 

Aci<l,  Chromic 

Acid,  Picric 

Acid,  Salicylic 


Acid,  Tannic 

Albumen 
Alkaloidal  Salts 


Alum 

Ammonium  Acetate      \ 

Ammonium  Bromide    ) 

Ammonium  Chloride 
Ammonium  Phosphate 
Amyl  Nitrite 

Antimony,  Sulphurated 
Antipyrine 


Apomorphine  Hydrochloride 


with  ferric  chloride,  alcohol,  borax,  lead  salts,  and 
ethereal  tinctures. 

'^  alkalies,  alkaline  fluids,  acetates,  and  metallic 
oxides, 

"    lime-water,  magnesia,  and  oxides  of  iron. 

"  potassium  permanganate,  iodine,  bromine,  caus- 
tic alkalies,  and  iron  salts. 

"  glycerin,  alcohol,  ether,  essential  oils,  and  or- 
ganic matter  in  general. 

"  alkaloidal  salts,  dry  acids,  iodine,  sulphur,  and 
organic  salts.  ( These  incompatibilities  extend 
also  to  the  salts  of  picric  acid  ) 

"  potassium  permanganate,  iron  salts,  lime-water, 
potassium  iodide,  and  soap.  (These  incom- 
patibilities extend  also  to  the  salts  of  sali- 
cylic acid  )  Alkali  salicylates  will  darken 
unless  an  excess  of  acid  be  present 

"  mucilages,  tartar  emetic,  silver  nitrate,  metallic 
salts  in  general,  alkaloids  and  their  «ilts,  lime 
water,  potassium  chlorate,  alkali  carbonates 
and  bicarbonates,  albumen,  gelatin,  and 
chlorine  water. 

"  mineral  acids,  alcohol,  mercuric  chloride,  and 
vegetable  astringents. 

"  borax,  tannin,  and  all  vegetable  astringents, 
alkali  carbonates,  the  permanganates,  iodides, 
liquorice,  strong  mucilages,  magnesium  car- 
bonate, and  alkaline  tinctures. 

**    alkalies  and  alkali  carbonates. 

"  mineral  acids,  alkali  carbonates,  chlorine,  potas- 
sium chlorate  and  diohromate,  silver  nitrate, 
mercurous  chloride  and  nitrate 

"    carbonates  of  the  alkalies  and  earths. 

"  alcohol,  tinctures  in  general,  alkali  carbonates, 
calomel,  lead  salts.  |K>tas8ium  iodide,  the 
bromides  and  ferrous  salts. 

"  sodium  hiciirbonate,  potassium  bitartrate,  bis- 
mutii  suhnitrate,  and  calomel. 

"    Sfxlium  salicylate  (dry),  calomel,  chloral  hy- 
drate, spirit  of  nitrous  ether,  and  nitrites  in 
general, 
sodium  carbonate  and  bicarbonate,  iodine,  tan- 
nin, and  iron  salts. 
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Hftrium  (Jhlori<ie  with 

liiKniuth  SubnitraU'  " 

Calcium  (*iiloridc>  '^ 

(*al(*ium  IlypophoHphiU*  " 

(nlonu'l  (MfiYiiroui*  Chloride)     " 


Chh>nil  Ilvdnito 


Chlorino  Water 


Corronive  Suhlimato  ^Mercuric 
Chloritlc) 

DifCitnlU 

IihUiio 


UHlolVtriu 


ln»n  Snli* 

IxMd  Aivtatc    .»Im»  Load  Sulv 
av>lale 


Iinu\  i'hlTtnati^l 
Lim«-«aicr 
Mor)«hin«'  Salt* 


sulphuric  and  phoflphoric  acids  and  tiieir  salts, 
carlK>nateM,  tartrates,  vegetable  infuHions,  and 
medicinal  wines. 

dalomel,  tannin,  sulphur,  and   antimony  sul- 

f>hide. 
omei,  sulphates,  phosphates,  tartrates,  and 
carbonates. 

|)Otassium  ciilorate,  iodide,  and  permangimate ; 
also  chlorinated  lime.  (These  incompatibili- 
ties extend  to  all  hypophosphites.) 

acids,  acid  salts,  alkali  carbonates,  lime  water, 
anmionium  chloride,  icxline,  pota.ssium  io<li<le, 
ferrous  chloride  and  io<lide,  sulphur,  bitter- 
almond  water,  cherry-laurel  water,  antimcmy 
sulphide,  and  antipyrine. 

water  (slow  decomposition ),  warm  water,  alkali 
mrlwnates  and  orjr«iuic  sjilts,  calomel,  potas- 
sium cyanide,  antipyrine,  siilts  of  anmionium, 
mercurous  nitrate,  i)ermang'anates,  alcohol, 
tinctures  in  jft»neral,  bn)mides,  and  iodides. 

alkalicK  and  their  carlMinates,  ammonium  stdt-s 
salts  of  the  org:uiic  acids,  lead  salts,  silver 
nitrate,  mmniages,  tannin,  extracts,  tinctures 
infusions,  emulsions,  and  milk. 

lime-water,  soap,  iodine,  opium,  potassium 
iwlide.  organic  acids,  tannin,  and  alkali  ear- 
lionates. 

tannin,  leatl  acetate,  iodine,  )>otast>ium  i^Kiide. 
iron  salts,  and  alkali  car))onat(*s. 

ammonia,  starch,  metallic  siilts,  fatty  and  vola- 
tile oils,  emulsions,  carlxdic  acid,  chlonil 
hydrate,  aiticia,  tragaeanth,  ma^esium.  car- 
bonates, and  s(Mlium  thiosulphate  ihyiM»^ul- 
phites.i 

silver  and  «»ther  nitrate's  fMH.'is^ium  olilnraie. 
nitrites,  and  mineral  acids.  The  nuMiitioa- 
lion  or  diMruction  of  ilu-  iHl<»r  nf  i.Kl.vf.,rm 
by  I  be  foUowinsr  sul»<tant'0^  |M»int>  t»»  inoan- 
luitibility :  tannin.  IVru  lnib<im.  linttur^-  m|" 
myrrh,  na|)htalenc,  cumarin.  ami  the  vnlatik- 
oil>  i^f  aniM',  U-rj^imo!,  fi-nnfl.  |Kpi»erinint. 
and  iur|»entine. ' 

allies,  tannin,  infusion",  exinuts,  nuiallit.-  :in«i 
alkaloida!  >;ili> 

alkali  I'arUuiatos  and  bicarU»n.itt-<,  inu<  il.tiri*^ 
tannin,  infiwion-s  vxiniciv  and  .i^irink'^ni 
linoiur*^ 

opium,  iinu-water.  amni<>nii;iii  ihlTidc  .tliiui. 
|»i»tav>iuiii  i<«ilidi-.  it*iiine.  ara-  ia.  :r.ii::j'-inTh. 
tannin.   ^arU-natt-^  an«l   >^l|il,a:«-,  .\\\'\    *ul- 

{»hurio  and  hydn^  hl«»rii  acid>.  N"rT::.u 
ead  aivtat*-  i*  o'lnpaiibU'  ui:h  nou-:!.wjv  **{ 
at^a^'ia,  but  llu-  Ui>ic  "r  *ui'at\l.t!«'  »:«!;>*-*  i-r^- 
cipilate^  evt-n  in  ii.ir.'.;ir  .j-i.  i'.:i;:i'. 

anmhmium  chl<'ride.  ^.iphr.r. 
>ulphi»le>.  »rlytx'rin,  >  ;.i:;i« 
'-ulKtano-. 

acids.   am!Ui:u<:ai    ^li:^    ^.arr- r.  i-- -. 
metallic  N.i!t'-.    Tannin.  ;::*">:   -^^  .i 
tinrtur^^. 

:hf  -^aIl*  ff  i^■r.,  ni.ir.iTir.t-*.  .v:  ;  -.  *• 
"iuTii  ohlorau  .n'-i  j^:::.  i:'..:  ■:  -.tt. :.: 
niiraus.  ./ari- 'nat«^  :*  •■.t  .L.ki.!- 
earths  amvl  nitriu-  an  i  t«i:>r-;il:.. 
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Musk 

Opium,  including  the  Tincture 
and  Extract  of  Opium 

Pepsin 

Potassium  Bromide 

Potassium  Chlorate 


with  acids,  acetates,  tannin,  ergot,  and  metallic  salts. 

"  alkali  carbonates,  tannin,  metallic  salts,  iodine, 
chlorine  water,  and  the  preparations  of  nux 
vomica  and  belladonna 

**  alkaline  substances,  alcohol,  and  tinctures  in 
general. 

**  mineral  acids,  chlorine  water,  and  the  salts  of 
mercury  and  silver. 

"  mineral  acids,  tannin,  catechu,  sulphur,  char- 
coal, calomel,  sulphites,  ferrous  salts,  nitrites, 
hypophosphites,  sugar,  honey,  and  vegetable 
powders. 

'*  acids  and  acid  salts,  alkaloidal  salts,  silver 
nitrate,  ferric  salts,  potassium  chlorate,  spirit 
of  nitrous  ether,  and  salts  of  lead  and  mercury. 

"  fatty  and  volatile  oiLn,  alcohol,  glycerin,  am- 
monia and  ammonium  salts,  alkaloids,  sul- 
phur, charcoal,  and  organic  substances  in 
general 

*^  hydrochloric,  sulphuric,  acetic,  and  tartaric 
acids  and  their  salts,  hydrocyanic  acid,  iodine, 
potassium  iodide  and  bromide,  antimony,  sul- 
phide, sulphur,  tannin,  alkali  carbonates,  car- 
twnates  of  the  earths,  and  astringent  tinctures. 

"  acids  and  acid  salts,  tannin,  metallic  and  alka- 
loidal salts. 

"  acids  and  alkalies,  calomel,  tannin,  soap,  acacia, 
opium,  and  vegetable  astringents. 

In  Europe,  effervescing  mixtures  are  often  pi-escribed  under  the 
name  "Saturations/'  which  are  made  by  adding  to  lemon-juice, 
vinegar,  tartaric  or  citric  acid  solution,  sufficient  of  an  alkali  car- 
bonate to  produce  a  neutral  or  nearly  neutral  salt,  the  liquid  retain- 
ing in  solution  a  large  portion  of  the  carbon  dioxide  evolved,  which 
adds  materially  to  the  refreshing  taste  of  the  mixture.  In  the  Phar- 
macoiKieia  will  be  found  a  complete  table  of  the  quantity  of  different 
alkalies  and  alkali  carbonates  necessary  to  neutralize  100  parts  of 
the  various  official  acids. 

The  Official  Mixtures. 

Of  the  four  preparations  recognized  as  mixtures  in  the  present 
Pharnjacopoeia,  only  two  are  fit  to  be  kept  on  hand  for  several  days 
or  longer,  in  warm  weather ;  the  other  two  should  be  freshly  made 
when  neeiled,  owing  to  their  rapid  deterioration. 


Potassium  Iodide 
Potiis^iuni  Permanganate 

Silver  Nitrate 

Sodium  Bicarbonate 
Tartar  Emetic 


Name. 
Mistura  C'ret;e 


Table  of  the  Official  Mixtures. 

Compo«itiou. 

(Comi>ound  ("halk  Powder 
Cinnamon  Water 
Water,  sufficient  to  make 
Ferrous  Sulpliate,  crvst. 
Mvrrh  .     '    . 


Mistura  Ferri  Composita 


Sugar 

Pota.s»ium  C'arbonate    . 
Spirit  of  Lavender 
Hose  Water,  sutlicient  to  make 
20 


200  Gm, 
400  Cc. 
1000    '* 
»)  Gm. 

18    " 

18    " 

8    " 

60  Cc. 

1000   " 
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Name.  Compoeition. 

Pure  Extract  of  (Tlycyrrhiza  30  ( im. 

Syrup   .        .        .      '  .  50  (.'c. 

Muciiage  of  Acacia               .  100   " 

Camphorated  Tincture  of  Opium  120    " 

Wine  of  Antimony       .         .         .  (K)   " 

Spirit  of  Nitrous  Ether        .  30   " 

Water,  sufficient  to  make              .  1000    " 

Sodium  Bicarbonate     ...  35  Gni. 

Fluid  Extract  of  Rhubarb   .  15  Cc. 

Fluid  Extract  of  Ipecac  3   " 

j  Glycerin :J50   " 

Spirit  of  Peppermint   .                 .  35   " 

[  Water,  sufficient  to  make              .  1000    " 


Mistura  Glycyrrhiza*  Composita 


Mistura  Rhei  et  Sodae 


Special  Remarks. 

Mistura  Cretce.  The  eompouud  (;halk  powder  directed  for  this 
preparation  is  the  official  powder  composed  of  3  parts  of  prepared 
chalk,  2  parts  of  acacia,  and  5  parts  of  sugar,  the  insohible  chalk 
being  kept  in  suspension  by  the  gum  and  sugar  in  solution.  Preci- 
pitated calcium  carbonate  must  not  be  used  in  making  this  mixture, 
as  it  is  crystalline  and  does  not  make  so  smooth  a  pre|)aration,  nor 
remain  so  perfectly  in  suspension  as  the  pre|>ared  chalk.  Chalk 
mixture  should  be  made  in  small  quantities  and  kept  in  a  cold  plaw. 

Mistura  Ferri  Camposita.  The  prefmration  of  this  mixture  presents 
no  difficulty  if  good  tears  of  myrrh  be  selected  and  the  directions 
strictly  followed.  The  reaction  between  the  iron  and  potassium 
salts,  resulting  in  the  formaticm  of  ferrous  carl)onate  and  i)otassium 
sulpliate,  takes  place  in  the  myrrh  emulsion,  by  which  the  insoluble 
ferrous  carbonate  is  kept  in  suspension  fairly  well.  Unless  iu  full 
and  well-i-orked  bottles,  the  mixture,  at  first  of  a  (lirty-gretM)ish 
color,  is  hardly  protected  against  oxidation  i)y  the  small  quantity  of 
su^nir  present,  therefore  should  be  fa*shly  made  when  needed. 
Conipouud  iron  mixture  is  also  known  as  Griffith's  mixture,  and 
is  sometimes  pri»scril)ed  under  that  name. 

Mistura  (Uycyrrhizcv  CompoMUi,  The  present  official  formula  diffi»rs 
from  that  of  1880,  in  ordering  syrup  and  mucilage  in  place  of  sugar 
and  )K)wdcre<l  acacia,  whereby  the  preparation  ol'  the  mixture*  is  ex- 
|K*dite<l.  The  finished  product  is  rather  unsightly  and  i)y  no  means 
in  ket'ping  with  nKKJern  elegant  pharmacy.  The  fbrmnia  sujrp'stcil 
by  Charles  Tilyanl,  in  18(>0,  yields  an  e(pially  efficient  and  far 
handsomer  pre|)aration  ;  it  prescribes  a  larg<T  proportion  <>t*  su^ar 
(by  no  m<»ans  a  disadvantage),  and  can  l)e  still  further  iniprovtMl  by 
the  use  of  purifiwl  extract  of  liquorice,  as  now  onlcrul  by  the 
Phanna<M)p<i*ia.  The  formula,  as  modifie<l  an<l  adaptc<l  to  the  propor- 
tions of  the  Pharmacopoeia,  is  as  follows  :  I)iss(>lve  \\{)  (iin.  of  pnritie<l 
extract  of  glycyrrhiza  in  ;J<M)  Cc.  of  water ;  add  1*J()C<*.  of  cam- 
phoratCMl  tincture  of  opium,  ^]()  Cc.  of  antimonial  wine,  and  '^U  Cc. 
of  spirit  of  nitrous  ether,  and  w»t  the  niixture  aside  for  twelve  or 
twenty-four  hours,  with  <K*c:isional  agitation  :   filter  tlu*  li^juitl  into 
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a  bottle  containing  100  Cc.  of  mucilage  of  acacia  and  600  Gm.  of 
granulated  suear^  and  wash  the  filter  with  sufficient  water  to  bring 
the  volume  of  the  finished  product  up  to  1000  Cc.  The  sugar  is 
readily  dissolved  by  agitation,  the  result  being  a  thin,  rich-looking 
clear  syrup  which  keeps  admirably.  This  preparation  is  popularly 
known  as  "  Brown  Mixture." 

Mislura  Rhei  et  Sodce.  Ordinarily,  when  fluid  extract  of  rhubarb 
is  mixed  with  water,  copious  precipitation  of  resinous  and  extractive 
matter  at  once  ensues,  but  this  is  prevented,  in  the  official  mixture, 
by  the  alkali  bicarbonate,  and  the  solution  is  preserved  by  the 
glycerin  subsequently  added.  It  keeps  quite  well,  but  is  not  often 
prescribed. 


CHAPTER    XXVIII. 

PILLS. 

P1LL8  are  a  very  convenient  mode  of  administering  medicines,  the 
chief  advantage  lying  in  the  small  bulk  to  which  the  medicine  is 
reduced  and  the  almost  complete  disguise  of  bitter  and  nauseous 
remedies^  by  reason  of  their  being  swallowed  without  previous  masti- 
cation. Pills  are  admirably  adapted  for  the  administration  of  heavy 
metallic  sulistances  not  readily  suspended  in  liquids,  and  also  in  cases 
in  which  the  action  of  the  medicine  is  to  be  slow,  or  even  retarded  until 
it  rettehes  the  lower  bowels.  The  usual  sha|X3  given  to  pills  is  that 
of  a  sphere  or  globe,  although  an  ovoid  shape  is  also  sometimes 
used,  and,  in  a  few  cases,  even  the  lenticular  shape  is  preferred. 
Their  weight  rangc»s  from  less  than  0.06  Gm.  to  0.3  Gm.  (1  gr.  to  5  gr.) 
for  vegetable  sul)8tance8,  or  about  0.6  or  0.6  Gm.  (8  to  10  grains) 
for  heavy  mineral  compounds;  if  a  pill  exceeds  this  weight  it  is 
called  a  bolus.  Boluses  are  occasionally  made  weighing  1.3  or  2.0 
Gm.  (20  or  30  grains)  each  and  are  often  of  a  softer  consistence 
than  pills.    Verj'  small  pills  coated  with  sugar,  are  called  granules. 

Although  of  late  years  the  extemporaneous  preparation  of  pills  has 
materially  deci'eased,  and  in  some  localities  has  almost  eutirely  disap- 
{)eare<l,  the  operation  must  yet  be  considered  oue  of  the  most  imj)or- 
tant  pliurmacH>uti<'al  manipulations,  and  is  deserving  of  a  lengthy  dis- 
cussion, because  the  opportunities  for  a  practical  accjuaintance  with 
the  details  of  the  work  are  growing  lc«s  day  by  day,  owing  to  the 
untiring  eftbrts  of  manufiicturers  to  induw  physicians  to  S)H^'ify 
factory-made  pills  on  their  prescriptions. 

The  most  im)X)rtant  step  in  the  prejMiration  of  pills  is  the  forma- 
tion of  a  pro|K»r  mass,  which  should  consist  of  a  paste,  sufficiently 
plastic  to  admit  of  being  moulded  without  adhering  to  the  moulds, 
yet  finu  «'nough  to  prevent  the  pills  frimi  losing  their  original 
shaiK'.  Although  a  firm  consistence  should  characterize  every  well- 
made  pill  mass,  its  n*ady  disintegration  and  solution  in  th(>  Huids  of 
thestoma<'h  an<l  bowels,  arcof  jKiramount  importance*,  and  it  ist»ss(»n- 
tial  to  so  unite  the  ingnnlients  of  a  pill-mass  that  ready  si'panition 
in  the  stomach  may  Ik'  assure<I.  Plasticity  is  that  jx^Miliar  condition 
in  which  adht^sivcni'ss  and  firmnc^ss  are  pro|><'rly  l)jilance<l ;  the  former 
of  thesi*  proiM*rti<»s  is  due  to  a  ])artial  softness,  which  enai)l<»s  the 
particles  of  the  mass  to  adhere  to  each  other,  thus  imparting  tenacity 
to  the  whole.  Some  substances  possess  this  adhesiveness  in  them- 
selves, but  i*equire  the  a<Idition  of  a  liquid — water  or  al<*ohol — in 
order  to  develop  it ;  as,  for  instance*,  gums  and  n-sinous  drugs.    (Hher 
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_  [  no  inherent  adliesive  properties,  and,  in  such  caseB, 
it  ftcccMnes  necessary  to  impart  tenacity  to  tliem,  l)y  the  addition  of 
some  adhesive  liquid  or  solid  material ;  such  substances  are  camphor, 
cidomel,  hismuth  j?alt*^,  some  saline  or  vt^^table  powders,  reduced 
iron  and  the  like.  Firmness  iu  a  pilUmass  is  as  essential  as  adhe- 
siveness, and,  while  the  latter  is  brought  alx>ut  by  a  state  of  partial 
solution  or  fluidity,  so,  inversely,  the  insolubility  of  some  particles 
is  necessary  for  tlie  require*!  firmness.  The  substances  added  to  pill- 
masses  as  adhesive  or  absorl>ent  agents  are  known  as  excipients,  and 
must  he  employed  judiciously,  so  that  the  constituents  of  the  mass 
be  not  modified  in  their  action  nor  the  bulk  unnecessarily  increased. 
After  each  addition^  the  mass  should  be  well  kneaded,  which,  itself 
having  a  softening  influence,  by  reason  of  the  heat  generated,  enables 
the  iqjerator  to  judge  of  the  true  condition  of  the  mixture.  When- 
ever possible,  all  eonstimeuts  of  a  pill-mass  should  be  reduced  to 
very  fine  jiowder,  before  the  addition  of  any  excipient,  as  only  in 
this  condition  can  the  homogeneity  of  the  mass  as  well  as  the  sub- 
se<|uent  accurate  division  of  doses  be  assured*  Small  quantities  at 
potent  remixlies,  such  as  alkaloids,  narcotic  extracts,  toxic  eherai- 
cala,  etc,  are  preferably  triturated  with  a  little  sugar  of  milk,  before 
mixing  them  with  the  otlier  ingredients,  to  facilitate  uniform  dis- 
tribution. 


Flo.  20fr. 


FtG.  906. 


ki  view  of  t>ro|»rl7-ftb«pe(S  |ii]l  mctrtjiri, 


Whenever  substane*^  are  ordered  in  a  pill-mass,  in  quantities  which 
it  is  imjwisi^ible  or  inconvenient  to  weigh  aecurately,  as  for  instance, 
aconitine  OlMJl  Gm.,digitalin  0  003  Gm.»  veratrine  ^  gniin^  strych- 
nine |^,y  grain,  etc.,  a  dilution  of  the  substance  shouhl  Im?  made  with 
sugar  of  milk,  in  such  profwrtioos  that  u  conveniently  wcigliable 
quantity  shall  contain  the  desired  amount  of  the  active  ingredient. 
Thus,  if  0.(K)l  Gm.  of  any  substance  is  wanteil,  car(»fully  triturate 
0.010  (rm.  of  the  substance  with  0.O9O  Gm.  of  stigar  of  milk  (or 
0.050  with  0.4^)0  Gm.  if  more  couvenieut);  each  O.OIO  Gni.  of  the 
mixture  will  tlun  <^*»itn;ri  tVt  mP  fVOKt,  ,ir  0  <¥^1  Gin.  of  the  medicinal 


^nU  If  ^  of  tt  grain  of  any  substance  is  neitlc*!*  tritnrato  \  grain 
t1>t  it  with  5|  grains  of  sugar  of  milk  (or  1  grain  with  11  graiiii), 
ttnd  m<!h  grnin  of  the  mixture  will  contain  ^  grain,  2  grain^^  will 
oontJ)in  ^  gniiu»  or  lA  grains  will  contain  J  gniin  of  tlii'  tt(*tivr 
ingrtHlient»  In  like  maunir  any  other  fractional  |^iart  of  a  centi- 
gratnnK*  or  a  grain  nmy  Ik*  roarlily  obtaincML 

Pill-masses  should  always  hi*  made%  according  t(»  Uie  nature  of  the 
masi^,  (Mtber  in  iron  or  Wedgi*wood  mortars,  of  the  6hai)e  shown  in 
Figs,  207  and  208,  and  the  mixture  should  Lie  frwjncntly  si'rap^i 
down  with  a  stiff  spatula  so  a.^  to  bring  all  jwirtieks  re|>eatmly 
together  under  the  {>estle.  Trituration  by  nutans  of  a  jH?stIe  is  essen- 
tial to  produce  a  uniform  mixture  of  the  ingredients,  and  raoret:>ver 
it  will  be  found  that  a  maa%  can  l>e  fornuxl  in  less  titne,  with  less 
exeipicnt  and  less  labor,  in  a  mortar  than  on  a  pill-tile;  very  simple 
combinations,  such  as  blue  mass  and  extratt  of  cnlo4\vnth,  etc.,  may 
be  effected  on  the  pill-tile,  but,  for  all  snbHtances  requiring  uniform 
blending  of  fine  |)owders,  and  similar  ca«e^,  the  use  of  the  tile  is  to 
ix*  condemned.  Unfortunately  the  misuse  of  the  pill*tile  is  a 
characteristic  of  many  Amcriam  pliarmacists.  One  rule  should  be 
strictly  observed  in   making  every  pi  11 -mass,  namely  i   Xcver  uBe 


rio. 


rits,  2ia 


HauiI  nuiclilaA  for  ralxlnv  ptU- 


the  mpaitila  uifh  which  the 
nuim  ut  mrnped  (htm  for 
Uikiiifl  rxeijiieni  from  iU 
ctmlmnrr. 

lArgeqtiantttit^ofpilb 
maiifieH  which  (^tini»t  be* 
conveniently  handled  in 
the  mortar  are  t)est  made 
m  a  9(pecial  anjmratus 
known  as  a  pill -mixer, 
operat^'d  either  by  hand 
i  [Kiwer.    As  a  rule,  these  kneading  machines  consist  * 

11  rs  (for  white  pdl-ma'^se^  hanl-winul    fnllirri    are 


Powm  machine  Ibr  ntUliig  ptlUtaaiaai 


rjL 


ivo  in  i>|>po8ite  direotitms^  some  bt'ing  su  const rnrtt'*! 
that  tliey  can  lie  heated,  if  iK*t'rssary,  by  passini^  steam  llinm^h 
them.  The  iogredienU  tor  the  mass  are  first  roughly  mixed  m  a 
basin  or  tank  and  then  repeatetlly  passed  between  the  rollers  until 
a  uniform  mixture  been  been  prcKlm/ed*  In  Figs.  209  and  210  ai« 
6ho\i'ti  two  »ize8  of  iron  mixers  for  pilUmasses,  made  by  J.  II.  Day 
tt  Co ,  of  Cincinnati,  the  smaller  one  having  a  capacity  of  three 
pounds  and  the  larger  of  thirty  pounds.  The  tanks  are  porcelain 
lined,  and  the  corrugated  rollers  or  mixers  are  galvaniiied.  As  shown 
in  the  illustrations,  the  mtitrhiues  are  <3asily  openal  and  taken  apart 
for  cleaning  purp*>ses.  While  mixing  a  nmss  the  rollers  turn  toward 
each  other,  and  while  emptying,  from  each  other.  The  finished  mass 
cam  be  easily  removed  by  tilting  the  machine  and  at  the  same  time 
causing  the  rollers  to  revolve  slowly  in  a  reverse  direction. 

ExciPiENTS.  It  being  impossible  to  select  one  single  sulistance 
as  an  excipient  suitable  for  all  pill-masses,  owing  to  the  variable 
properties  of  drugs  aud  the  many  different  cH>mbinations  ordered  by 
physicians,  it  is  essential  that  the  pharmacist  l>e  fatniliar  with  the 
peiniliarities  of  each  excipient,  in  ortler  to  use  the  same  inteirigently 
and  advantageously.  Excipients  for  pill-masses  may  be  divided  into 
three  distinct  classes,  as  follows : 

1.  Those  which  are  intended  to  develop  adhesiveness,  and  hence 
act  as  solvents.  To  this  class  l)elong  water,  alcohol,  diluted  alcohol, 
glycerin,  and  a  mixture  of  glycerin  aud  w^ater. 

2.  Those  which  arc  intended!  to  impart  adhesiveness ;  these  may 
be  fluid,  semi-fluid,  or  sol  id »  To  this  class  l)clong  syrup,  glucose, 
lioncy,  mucilage  and  syrup  of  acacia,  mucilage  of  tragacanth, 
glyeerite  of  starchy  acada  with  glucose  or  honey,  tn^canth  w^ith 
glycerin,  soap  with  water  or  dilut*^  alcohol,  extra<'t  of  malt,  CHJufec- 
tion  of  rose,  manna  and  powdered  elm  bark  mixetl  with  tnigaamth ; 
the  last  name<l  re*]uires  tlie  adtlitiou  of  syrup  or  glycerin  and  water* 

S,  Thoee  which  are  intendcti  to  act  simply  as  al>sort>ents  of  exces- 
sive moisture  and,  in  a  few  cjist*s,  impart  adhesiveness  to  the  mass 
at  the  same  time.  To  this  class  b*?long  powdered  liquorice  root, 
soap  and  liquorice  i-oot,  mlcium  pliosphate,  powdere*!  orris  ro<»t, 
powdereii  tragaranth,  powderal  elm  bark,  starch  and  pjwdert^ 
marshmallow. 

The  first  clasf*,  solvents,  are  employed  in  many  cases  in  which  physi- 
cians have  ordered  vegetable  powders  in  coDueetion  with  60a|)  or 
liolid  extracts,  the  latter  in  insufficient  quantity  to  form  a  goc»d 
ma^ss.  Solvents  must  be  added  to  pi  11- masses  with  great  care,  esi>e- 
cially  when  water  or  glytt.Tin  is  use*!  with  soap  or  extracts  ;  by  aad- 
Ing  the  fluid  in  ilrops  and  working  the  mass  well  after  each  addition, 
the  n*<|iiin"<|  lousistencc  will  stM»n  Ik* develojKtl,  and  a  firm,  yet  plastic 
mnsi*^  Ih*  oljtuined,  while  an  exwss  of  moisture  aiusi'S  a  softening  of 
the  mass,  wliich  frt»quenfly  incrcfises,  and  prevents  the  formation  of 
IM-rfi-ct  nilU,  IwsiilcR  rc^juiring  the  addition  of  absorbent  powders, 
whit  h  aad  to  the  bulk  of  the  mtv^. 
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Thes(HH>n«^    "  llie*^iveexciph'Ub*,artMJior  v»*Iy  iwtHj  thao 

any  «»tljer,  Im  i  ■  majority  of  Hul>staooL'Si  i  I  hi  pill  form 

do  not  |M»sfl€*as  inhemnt  iidbeHive  prujiertieet,  or  at  lesL^t  iiisunintfntly, 
for  |>roprly  mai»sing  the  in^rt^tUc'iitd.  Mucilage  and  syrup  of  acaria 
are  the  least  desirable  of  the  claAs,  imlesB  the  pills  are  for  immediate 
use,  as  pills  made  with  aeaeia  are  apt  in  time  to  become  very  hard  ; 
tlie  addition  of  plycerin,  however,  obviates  the  difticulty.  Syrup  or 
glucoee  16  usually  preferred  to  water  for  maK-iing  ve<;etablc  powders, 
ID  thf?  abeenee  of  !*oap  or  solid  cxtraits.  (Tni^tamtli  with  glywrin 
can  be  most  **oovenicntJy  used  in  the  form  of  a  jelly,  made  bv  tritu- 
ratini^  S5  j^iu?*  of  |K>w<ler*xI  tniga«inth  with  <>  fluid niehms  of 
plyi'erin  and  1  tluidnu'hm  of  water;  it  i8  an  exwilent  exeipient  for 
the  salts  of  »nnnine,  salol,  an*tauilid,  8<Mliuni  salieylatp,  iodoform, 
addurn  sulphide  and  alsio  gallir  an<l  tan ni< -  aeiclgi  but  for  i'inelM.iu- 
dine  snlphat<>  or  sidieyhiti*,  araeia  with  plueosi*  or  noney  is  prcfrmlile* 
fNHip  with  water  or  dilut<*<l  ahH>h(»l»  is  the  l>est  exeipient  for  aloes*  rlui- 
barb  and  the  various  ^um-re*3in8;  it  ejinnot,  however^  l)e  use*!  with 
gsoluble  metalHe  salts  as  tliose  of  IroUi  hud,  eopper,  ete.,  owinjj  to  the 
ftiruiatiou,  liy  nmtual  deiH>mp4i8ili<»nt  of  nietnllie  i>leates,  whieh  tnuse 
tli€  maas  to  erumble. 

The  naceasary  pnx^ution  regarding  the  use  of  water  in  eonjunelion 
with  siiap  has  already  been  meutione*^  in  the  nreoeding  paragraph. 
Manna  is  very  desirable  for  massing  redutw  iron  or  manganese 
dioxide,  when  thest^  are  prt^Tibed  alone.  Extraet  of  malt  is  very 
similar  to  gluctiee  in  its  applieability,  but  ean  only  be  u*<ed  for  dark- 
ixilored  masfi€«.  Confection  «if  rtjse,  at  one  time  much  esteemeil  as  an 
excipient  for  mixtures  of  vegetable  j>owder  and  metallic  salts,  has  now 
almost  gone  out  of  use.  For  the  valerianates  of  iron,  quinine,  or 
sine,  no  better  excipient.  can  be  used  than  acacia  and  ak*ohol  in  the 
following  prop^irtions  :f  Iron,  quinine,  or  zinc  valerianate,  30 
now<lcrc<l  at^acia,  10  grs. ;  alcohol,  5  minimsA  Camphor  and  in 
bromatiMl  cnmphor  can  l»c  nnide  into  very  sati^tactory  pill-nui^srjs,  Uy 
Uie  iwldition  of  soap  and  oil  of  8w*x*t  almond  or  castor  oil ;  «lx>ut  I 
grain  of  soap  and  2  dro|>s  of  oil  will  Ik?  sufficient  for  12  grains  of 
caipphor. 

fA>^  an  i»xci*niMit  aiiht^ive  ag»*nt  for  heavy  metallic  salts,  such  as 
bismuth  iN*  or  c^alomrl,  i\s  wt^II  as  for  tin*  s<'alc  salt-n  of  mm 

^and  tnMir  ifHubinationts  tike  capsi<*um,  <^tiuphc»r  and  I t^d  ace- 

tate, Matti!«on's  excipient  iwrnder  will  be  foutnl  very  servi<"fnible ;  it 
ecmi-iiHt^  of  1  |Mirt  of  jH>wcH*refl  tragai^intli  and  7  parts  of  finely  pow- 
defend  (No.  80)  I'lm  Vwirk.  Only  a  very  small  pmportion  of  tlie 
powder  iH  rtHpiirtnl,  tlum:  3  grains  for  60  j:jniiaH  of  bisiimuth  sub- 

■  nitrate,  calomel,  *t»ri urn  oxalate,  iron  by  hytlrogcn,  or  o«jual  pirts  of 
camphor  and  lead  acvtate  ;  ♦>  grains  of  the  piwder  for  «jO  graiui^  of 
dried  fernius  sulphate,  the  scale  ardts  of  iron,  or  ecpial  |>art6  of  cam- 
phor and  eamionm,  etc.  In  all  cases  in  which  this  excipient  powder  is 
employed,  the  ma^  should  lie  made  up  rather  soft  with  synip,  other- 
wi«e  it  is  apt  to  crack  or  crumble  while  the  pills  are  being  formed?^ 
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pilU  thim  made  liecc»me  suftioiently  firm  and  ivtain  tlirir  oripnal 
sl)a|K?,  on  aer<jnnt  of  the  fibrous  and  adhesive  clmrneter  t)f  the  cxcip- 
ient,  ^ lager  has  reeomraende*!  asituilar  powder,  i'orn[H>.sed  of  1  part 
of  p^)w<iei'ed  mai'shmallow  rout,  lA  parts  of  powdeiH?^!  tra^cauth, 
and  6  parts  of  powdered  orris  root ;  this  pt)wder  vat)  l>e  use*l  like  the 
pn**^ling,  and  ig  better  adanlt<l  to  white  pill-ma-ss4*s^  In  place  of 
synip,  a  mixtnro  oi'  two  volnmes  of  glycerin  and  one  of  (li-till«  d 
water  may  l>e  used  for  pills  which  it  is  desired  to  keep  soft. 

At  one  time,  erunih  of  bread  wa»  ordered  quit*'  frequenth  a-  uii 
excipieut  for  pill-ma^8<^,  particularly  in  eases  in  which  it  wuh  intendeil 
at  the  same  time  to  ^rvea**  a  vehicle  for  the  administration  of  potent 
remedies,  as  in  the  t^ase  of  raereurie  chloride,  strychnine,  eta  In 
plat>e  of  bread-crumb,  which  is  not  always  available,  either  of  the 
excipieut  pov\'ders  mentioned  above  may  be  used,  or  a  mixture  of  1 
part  of  trafracauth  and  3  jwirts  of  starch,  the  mass  to  be  made  with 
glycerin  and  water,  as  l>cfore  stilted.  The  salts  of  quinine  and  ein- 
chonidine  are  freijuently  pn*S4-"nl>ed  in  pill  form,  in  combination  with 
aromatic  or  diluted  sulphuric  aeid,  the  quantity  of  acid  being  often 
left  to  the  judgment  of  the  dispenser.  As  a  rule,  from  one-third  to 
one-half  a-s  much  aeid  as  alkaloidsl  salt,  is  sufficient  to  make  a 
fiatisfactor}'  mass,  depending  s*>mewhat  upon  the  conilition  of  the 
atmosphere.  Tlie  mass  must  be  rolled  out  as  soon  as  it  becomes 
plastic,  while  still  a  little  soft,  otherwise  it  beeomes  dry  and  crumbly ; 
in  the  latter  ease,  the  addition  of  a  drop  or  two  of  syrup,  or  a  very  small 
quantity  of  glycerite  cd'starch,  restores  the  proper  condition,  Quinine 
sutphati'  triturated  with  one-sixteenth  of  its  weight  of  tartaric  acid, 
becomes  damp  and  adhesive,  and,  u|Kin  the  further  addition  of  a  small 
quantity  of  glycerin  (about  15  or  16  dro}^  to  100  grains  of  miinine 
8ulpliat4?),  yields  an  excellent  mass,  the  pills  being  small  ana  firm. 
If  kept  in  a  c<x)l,dry  place,  such  pills  retain  their  original  t*<:>nditioa 
for  a  long  time.  Although  strong  mineral  acids  are  ver>*  nirely 
pres<-ribed  in  pills,  they  are  occasionally  used,  in  combination  with 
pepsin  and  vegetable  jxjwders,  in  pretKTiptions  timing  from  Ger- 
many :  the  cxdpient  powder  mentioned  in  the  preceding  (mragraph, 
together  %vith  glycerin  and  water,  will  yield  a  gocKl  mass. 

i*Iasily  reducilile  sufetanrx^s,  like  silver  nitrate,  potassium  perman- 
ganate, silver  oxide,  gold  chloride,  etc\,  cannot  be  massetl  with  the 
usual  excipients,  as  they  need  some  adhesive  agent  which  will  not 
causi^  de<Tmi|>o8ition.  The  most  availal>le  substances  are  white  clay 
(kaolin)  and  ^\ater,  which  tbrm  a  plastic  mass,  but  one  requiring  quick 
mauipulatinii,  us  it  six*n  l>ecomf^  dry  and  crumbly,  Rei-ently,  M. 
Carles  \iivi  proj)oswl  a  new  excipieut  for  pill  masses  of  this  charai^*ter, 
namely,  a  mixture  of  2  jiarts  of  kaolin  and  1  part  each  of  anhydrous 
iridium  sulphate  and  water.  Sixty  grains  of  kaolin  and  30  grains  of 
the  s<xlium  sulphati'  r^iuire  forty  minims  of  water  to  form  a  plastic 
vmi^%  whic'li  dries  slowly  and  retains  its  nlasticitv  for  sfx  or  eight 
tninutf^  ;  it  admits  of  much  l>etter  manipulation  than  clay  and  water 
alone,  and  the  jmIIs,  when  tbrmed,  soon  f>eiu)me  haixl  and  retain  their 
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shapMj,  mviij^  to  tlic  a^^sniiiption  of  the  crystal  I izt*cl  state  by  the  aobjr- 
drotis  MxJinm  ¥;ijlj>hate  under  tlie  intluence  of  water.  When  potas- 
sium |n^nimtiguniite  is  to  Ix*  made  mto  pills  with  this  exelpieni,  a  laiger 
cpmntity  of  water  must  be  ustxl ;  the  Ijest  plan  is  to  rub  3U  gniius  of 
poUii^sium  |KTmaujj;anate  into  fine  iwwTler,  mix  well  with  30  grains 
of  kaolin  ami  15  jrmins  of  anliyurouB  Siwlium  sulphate  and  then 
mnm  with  Buffieient  wnter^  usually  25  to  30  minims,  A  mixture  of 
espial  parts  of  kat>lin,  <»r  FuMct's  eartli,  &<dl  petrolatum,  and  pumffia^ 
forms  a  mtist  ex*^*lleut  exeipieut  for  this*  c*Ia8S  of  pilLs,  or  the  medi- 
cinal a^nt,  JQ  fine  |>o\vder,  may  l>e  incijrporated  with  its  own  weight 
of  lanolin,  or  wool  lat,  deprived  of  its  water,  and  then  sufficient 
kaolin  Im*  addetl  to  forui  a  rna.^.  I>iuiu|[u  is  indirterent  towaitl  silver 
nitnue  and  jHvla^sium  perman^uate  (riap.*r).  Another  t^t is faetory 
method  la  to  mix  {)otiiftsium  perman^^iuate  with  oue-half  or  the 
whole  of  iLh  wei)>ht  of  kaolin  and  then  mass  with  one-fourth  its 
weight  of  st)ft  }ietrolatum. 

When  delitpiescent  substami3s,  or  such  as  slowly  volatilize  uik)d 
eacposure  in  air,  are  ordered  in  pill  form,  a  mixture  of  {H>taa8mm 
borotartrate  with  half  its  weight  of  water  will  prove  a  jjjood  exeipient ; 
about  oue*sixlh  of  a  grain  of  powdered  tra^otmth  ^^^hould  Im?  added 
for  each  pill,  and  the  mass  muf^t  be  (|uickly  formed  and  rolled  out; 
liO  grains  of  chloral  hydrate  or  *M  gniius  of  potassium  iodide  reipiire 
2  drojus  of  the  exeipient  Even  |)otjis**iuni  aci*tale  has  l>een  made 
into  «itisfaetory  j»ills  by  the  aid  of  i^H^tassium  borotartrate,  18 
jMirts  ot  the  former  and  3  jmrtji  of  the  hitter  being  tised  with  1  jiart 
of  water.     All  8ueh  pills  must  lie  dispense*!  in  l>ottli^. 

Tiie  third  ehiss*  ahsorlient  exeipients,  are  fiinpieutly  reipjin^d  to 
supply  the  nett'ssary  firmness  to  a  pill-mass,  so  that  the  original 
shapc^  fjiven  to  the  pills  may  U*  iitained.  Theaddititai  of  absortent 
powders  must  be  madi*  jndieinusly,  so  as  to  avoid  an  unn^H-c^Bsary 
increase  in  the  lailk  of  tfu'  mass,  antl  the  c|uantity  uscxl  should  Imj 
noti^l  on  the  pivsi  ri|»tion,  so'  tliat  in  f!ase  of  a  rei>etiti«»u  pills  of 
tbt*  same  siz**  may  he  disjiensetl.  The  r<*ekless  ust;  ot  solvent  as  well 
as  al)Sorl>enl  exeipients  is  one  of  the  chief  errors  of  inexperience, 
and  idten  rianses  much  trraible.  Some  abstirJient  powders,  such  as 
slareh,  mh'ium  phosphate,  magnesium  carbonate,  liquoriw  root,  and 
orris  riH>t,  jMissetw  little  or  no  adhesive  projierties,  and,  if  used  in 
excess  will  eaiiae  the  ma^s  to  crumble ;  others,  like  marshmallow 
root,  acacia  and  elmdiark,  containing  much  mucila|rinous  matter»  if 
used  in  exei'ss,  form  hard  and  slowly  soluble  combinations. 

For  pill-masses  containing  an  exc€!»ive  quantity  of  sofl,  solid 
ext»  '  rcfl  Hquivriw  r<x)t  will  be  found  very  desirable  and 

tir»  wdennl  elm-bark,  unh'ss  metallic  sjdts  are  pri*s^nt  in 

ir  It  ion.       For  volatile  oils,  creosote,  and  liquid  olcorcsins^ 

soiii  -  iLle<lly  the  Ijcst  exeipient,  as  it  emulsionixc^  these  and  pre* 
vents  their  separation  during  subscf|urnt  manipulations;  from  one* 
half  to  ont!  grain  of  soap  in  ntx'osskry  for  cac*li  minim  of  oil,  and 
ffteftrin  or  curd  soap  will  be  found  pn'femble  to  olive-oil  soap.     lo 
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the  absence  of  any  vegetable  powder  in  the  preBcribed  oombiuatioD, 
the  addition  of  jjowdertxl  liqiu»rk*e  root  is  desirable,  and  a  mixture 
of  1  part  <»f  soap  and  5  parts  of  liquorice  root  forms  a  convenient 
excipient,  of  which  3  gmins  should  be  n.sed  for  each  minim  of  vola- 
tile oil;  if  necessary,  water  or  diluted  alcohol  may  be  use^l  to  facili- 
tate massing,  Tbe  incompatibility  of  soap  and  soluble  metallic 
salts  in  pill-masses  has  already  been  noted  in  a  previous  paraj:;raph. 
For  creosote,  when  ordered  by  itself,  |)owdered  liquorice  root  and 
water  are  very  serviceable;  2  gmins  of  the  powder  with  a  little  water 
are  siifficieDt  for  each  drop  of  creosote.  Carbolic  at*id  can  l>e  treated 
like  creosote,  and  soap  will  l>e  found  to  binil  it  very  nicely. 

Tar,  when  prescribed  in  pill  form,  either  alone  or  in  eonnection 
with  other  remedial  agents,  re<:[uires  the  addition  of  an  absorbent; 
magnesium  carb<^nate  and  powdered  liquorice  root  have  been  recom- 
mendeil,  l>ut  calcium  phosphate,  used  in  twice  the  weight  of  the  tar, 
has  lieen  more  satisfactory,  yielding  a  firm  yet  plastic  mass.  Pills 
til  us  made  retain  their  original  shape  and  disintegrate  quit*;  readily  lu 
water.  For  making  pills  of  mercurial  ointment,  the  same  excipient 
has  been  use<l  with  success. 

/^Hager  has  suggested  a  mixture  of  equal  weights  of  yellow  wax  and 
&tan*h,  in  the  form  of  powder,  as  a  superior  adhesive  and  absorbent 
excipient  for  numerous  troublesome  pill-masses ;  starched  wax  is 
decide<lly  prctcniblc,  as  an  excipient,  to  wax  with  an  addition  of  some 
fibrous  vegetable  powder,  as  pills  made  with  the  former  disintegrate 
more  rapidly,  and  the  wax,  being  in  a  state  of  fine  division,  is  less 
liable  to  cause  intestinal  trouble.  From  S  to  5  grains  of  stan-lK'd 
wax  will  yield  a  satisfactory  mass  with  1  grain  of  each  of  the  fol- 
lowing suljstanccs  (Hager) :  Carbolic  acid,  apiol,  oleoresin  of  male 
fern,  guaiafxil,  creos<)tc,  croton  oil,  terpinol,  and  oil  of  tar.  Starcheil 
wax  nmy  lie  pn^parcd  by  thoroughly  drying  yellow  wnx,  ru  the  form 
of  thin  sliavings,  under  jiajjer  cover  in  a  dark  pl3ri%  and  then  rubbing 
into  powder  with  an  equal  weight  of  rice-tlour.  J 

Unk*8s  some  other  substance  is  present,  as  an  c)tt*oresin  or  a  volatile 
oil,  whereby  the  melting* point  of  the  mixture  is  brought  down  to 
abiiut  'M°  0.  {\0(>A^  F.),  wax  is  very  undesirable  in  pill-mas86»  oo 
account  of  its  difficult  disintegration,  which  may  cause  pills  made 
therewith  to  paaa  through  the  bo<ly  unaltered  When  wax  is 
directed  to  be  used  in  a  pifl-mtiss^  it  should  be  nieltt^l  at  a  moderate 
heat  and  then  raixe<l  with  any  oil  or  olt^resin  ordered,  liefore  the 
solid  ingredients  are  addtnl. 

Powdereil  tn^^tifith  may  sometimes  lie  employed  as  an  absorlient 
when  it  is  desired  to  impiirt  a<lhesivenc^s  to  a  very  moist  mass,  with- 
out materially  incretising  the  bulk.  The  mixture  of  tragacantli  and 
powdered  elm-bark  previously  mentioned,  is,  however,  generally  to  lie 
preferred.  /The  compound  tnigncunth  powder  of  the  British  Pharma- 
copeia, compi>scii  of  1  |»art  tach  of  powden^  tragat!anth,  powdered 
acttcia  and  starfh,  and  il  parts  of  piiwdered  sugar,  forms  an  ext^elleot 
absorbciil  antl  :id!ir>iv«-  cxc'iptt'ntA  Thi-sf  pills  (liHiutcgrate  readily. 
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A  mixture  of  equal  parta  of  finely- {Kiwdered  elm  bark  and  utarefa 

ill  W  found  a  mcMit  desirable  exeipient  for  mfi  pill  maaaea  contain- 
iDff  itidioe  or  iodide  of  iron ;  the  ma*^  should  be  rolled  out  while 
atul  moderately  gofl,  as  the  pills  will  harden  subaeqoently.  PUl- 
ItnaMM  containing  free  iodine  should  invariably  be  made  with  the 
;.  ■ '    '      rif  atarr-h,  whic-h,  (<i>nibinii>g  with  the  iodine,  preveiif  - 

t  IW.-t  on  thf  mouth  and  throat;  tJ*e  union  lx?twti*n  li  n 

and  iodine  is  very  feeble^  audi  he  latter  will  be  again  liberated  by  the 
wann  lif|t]!ds  of  tlie  stonmeli,  | 

In  a  few  easts  the  a^lditiotrof  any  exeipient  \%  supf*rfluous,afi  when 
lupuhn  Jind  mniphor  arc*  ordere<I  toj^i'thrr  in  pill  form.  The  .Htmple 
Iritnnition  of  po\vd<n*<l  mmpljor  with  hiptilin   tTiuses  the  n^sinoiis 

1l<*r  to  soften,  ninl  nn  adhrsive  mass  is  ipiiekly  obtained,  which 
Inmh^ng  ii|rain  on  standing.  All  solvents,  like  ether,  alcohol,  and 
dilutJHl  ah<«>hQly  must  he  avoided,  but  a  very  small  quantity  of  elm 
liark  may  Mi^metimes  \w  addetl  with  advantage  iu  very  warm 
weather 

M  lid  other  utenhiLn  u^f^l  in  making  pill 

timr  I  witfi  ^rt^at  diHieulty,  ou  a<^>uut  of  t  .        ^ 

by  certain  chemicals.  As  a  rule,  plain  water,  cold  <irhot,  will  sutiice 
to  remove  the  slijj^ht  remnants  of  a  pill-masa,  especially  if  allowed  to 
atand  in  the  mortar  for  a  «hort  while,  but  in  some  cases  the  addition 
of  lye  (caustic  ]iota«^sa  or  soda  solution)  becomes  necessary  to  soften 
hard  resinous  deposits.  The  persistent  odor  of  volatile  oils  is  best 
removed  with  a  little  alcohol^  after  the  mortar  has  been  well  washed 
with  water*  A  few  drops  of  oil  of  turp(*ntin6  very  promptly  re- 
move the  peculiar  odor  of  iodoform.  Metallic  stains,  as  a  rulei 
arc  dissolvetl  quickly  by  u  little  strong  hydrochloric  or  nitric 
acid.  Mrtuganesw*  dioxide  stains  disappi^r  at  once,  if  treated  w*ith 
coaniely  powdered  ferrous  sulpluitc,  snlpluirif*  acid,  and  water»  while 
potassium  j>ermangun«tr»  stains  yield  readily  to  it  sjiolution  of  oxalic 
acid. 

DfViHioN*  OPTIIK  PfiJ.-MA«8.  After  the  ma^s  luis  bei*n  pmperly 
prt*j»anHl  it  is*  tmnsfcrnHl  to  a  rt-gular  pill'matiiine  or  a  graduated 
fflaait  or  pcmx*Iain  tile,  to  bt  r<»lled  out,  by  uK^ans  of  a  flat  pii*c4*  of 
Kard  W(MHi,  inti»  a  cylinder  of  uniform  thickuesis,  which  h  then 
divided  intti  tlie  n^cpiiKit**  nunilMfr  of  jiietH'S.  Stei^l  wpatulaM  are 
uaed  by  many  for  rolling  out  the  ma.HS,  but  are  not  m  di^imblc  as  a 
wooden  roller,  sim^e  the  width  of  the  »(iatida  |iermits  of  eoverini^only 
a  firaall  part  of  t!i  it  a  time,  hence  irn'gularity  in  the  thickness 

of  the  cy liodcr  li  occur-^       A  little  prcsHure  must  In*  applied 

when  rt»lling  the  pitU  vtinder.  Figs.  *JI1  and  212  represent  wfMxIen 
pitl-rnaaH  rolJerc^,  the  long  one  with  the  handle  having  the  moi*e 
convenient  shape-. 

A  small  numtwT  nf  pills  may  Ik?  eonveuiently  dt^nded  on  a  pill- 
tile  I  Fig.  213),  but.  for  a  larger  number,  a  pill-machine  will  be  found 
I      '        '  '     Iv  if  the  weight  of  the  jiills  -  '  ■ 

•  >r  then  the  ]>erfect  rounding   '  i 
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readily  effected  by  eontimied  rolling  in  these  grooves*  Fig,  214  repre- 
sents a  complete  pill-machiDe.  It  consists  o(  a  sraooth,  hanl  wood 
rolliog-boanl  encased  in  metal  and  providtil  with  a  grocweil  metal 
plate  ;  to  the  roller,  which  is  likewise  made  of  hard  wood,  is  attached 


Fig,  211. 


PlO.  218. 


bin.  112. 


i*UJ-roller. 


Wnoflen  pili-roUer. 
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a  similar  metal  plate,  the  grooves  of  which  corres[>oDd  exactly  to  the 
grooves  of  the  plate  on  the  board,  being  adjusted  to  the  size  of  pills 
of  certain  weights,  as  1,  *j,  3,  or  5  grains.  To  facilitate  the  motion  of 
the  roller  it  is  frequently  provideil  w*ith  two  little  metal  wheels  on  each 
sifle  of  the  irnmve*!  plate,  a^^  riuiy  he  se<:*n  in  the  IlluHtnitiun.     When 


tile  mller  is  in  nse,  thi^e  Ixnt  nguiiiNt  the  rnctiil  r'oaing  of  the  roUiog^ 
board,  and  ihus  t'mihle  tht*  rolh^r  tu  tniv**l  unii'urmly. 

The  beat  pill-fnm*liine  h  the  **(>io{K*r  piti^nt"  (Fig.  215),  the 
woodwork  Ijeing  »>f  uiahogaity  and  the  m**tallic  parts  of  brass,  Thij* 
machine  has  two  setn  of  revei'sihle  grcM»vt^l  plates,  on  which  four 
different  wjEes  of  i>ills  can  l>e  made — 1,  l',  .3,  and  o  grnins ;  the 
plates  imng  qaiekly  reraovable  aiul  udjiistable.     The  sides  of  the 
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rolHu^-lxKird  are  «o  oonstructc'd  timt  they  mn  Ik*  niisiHl  or  lower 
by  nif'ana  of  wingitl  scTevvs,  which  aUows  the  mass  to  bc^  rolkti  just 
the  thickness  required  fur  e^ieh  respective  size  of  pills^  thereby  iDsur- 
ing  always  the  full  nuraher  of  perfectly  round  pills. 


Flu,  215 


fn.  2i(k 


After  the  cylinder  has  been  properly  rolled  out  to  the  h^ngth  of 
the  di^sired  numl>er  of  pills,  it  is  plaet^l  upon  the  jj:rooved  plate  of 
the  biiard,  and  divid<"d  by  applying  the  other  entter  and  drawing 
this  forward  and  backward  with  slight  pressure. 

When  the  pill-cylinder  is  divided  on  a  pill-tile,  and  also  when  the 
pills  arc^  larger  or  smaller  than  tlie  ^n^oves  of  the  ma^^hine^  it  be- 
comes necessary  to  impart  a  spherical  shape  to  the  pict^H-s,  by  appro- 
priate rolling  Urtween  the  thun)b  and  fin^t  and  second  tingei's,  after 
which  the  pills  should  Ik?  placed  under  a  pill-finisher  and  completelv 
rounded  by  n>tary  motion  of  the  »;mie  with  some  pressure.  It  id 
better  to  move  the  finisher  about  in  curvilinear  figures  like  the 
figure  8,  instead  of  giving  it  a  constant  cir- 
cular mot  ion »  so  that  the  pn^ssure  may  lie 
uniform  at  all  points.  Pill-finishers  ustuUly 
consist  of  a  i-inMilar  picve  of  hard  wood»  with 
a  smufith  rolling  surface  and  a  projivting 
ninrgin  for  the  purp»>se  of  c*onnning  the 
nutl^wooi  piti  I'l  |h1Is;  s<*veral  si/,cs  an*  nnpiiriil  to  suit  dif* 

ii'n*nt  siy^.^  of  pills.  Fig*  21f>  represents  a 
uofivenieDt  pilUfini^her  suitabU^  for  two  iliffriTnt  siws,  as  tht^  up|ier 
and  lower  margins  pr<»j<^'t  to  tlitlVrcnt  lengths. 

PlLL'iiimTiN(},  The  pili  ma.ns,  Ix^ing  plastic  and  adht'sivc,  is  apt 
to  adhert*  to  the  alab  and  the  fingt*rs  while  l>eing  rolUxl  out  and 
shaped  into  pills.  This  may  l>e  preventiii  l>y  the  use  of  a  fine 
powd*T,  vvhicn  should  be  strictly  inert,  unh^ss  otht^rwise  dir»*«^ff<d  by 
til'  in.       Amt>ng  the  most  suitafilc  y  ru, 

li<^'  'otand  starch.     The  former  is  y  im 

aoooimt  of  it*  fineness  and  uniformity,  its  slight  adh€sivenar«s  and  ita 
utt»?r  tn^telossness.  Powder^  starch  shoula  l*e  used  with  all  white 
pill-tnjiae<s,  Bermuda  arrt>w-ro<it   l>eing  the  best   for  the  purpose. 


Only  in  excx^ptiooal  oases  h  the  addition  of  dusting-powder  to  the 
pill&  in  the  box  justifiable;  the  pills  should  I'eceive  a  s^ulfieiejit  coat- 
ing of  the  powder  under  the  finisher,  ihen,  if  the  mass  has  U^en  prop- 
erly made,  thert-  will  lie  no  danger  uf  the  pills  adhering,  hence  no 
oatision  for  putting  an  excess  of  powder  in  the  \mx.  Magnesia 
and  nirtgnesium  carbonate  are  not  well  suited  for  dusting^powders^ 
and  should,  raoi^eovcr,  be  use<J  with  due  care,  on  account  of  the 
possible  chemical  effect  upon  the  ingreilients  of  the  pills.  Powdered 
talc  (soapstone)  is  likewise  serviceable,  having  the  advantage  of 
im|iartiug  a  very  thin,  opaque  and  tasteless  cciating  tu  the  pills, 
without  impairing  th<'ir  solubility  in  the  stomach ;  ft  is  particularly 
suited  for  pills  of  silver  nitrate  aud  the  like.  When  asafetida  or 
other  nauseous  substances  are  given  in  the  form  of  pill,  the  odor 
may  either  be  entirely  covered  or  considerably  modified  by  the  use 
of  powdered  cinnamou,  aromatic  powder,  ginger,  or  similar  material. 

PiLL-ajATiKG,  The  plau  of  coating  pills  with  various  substances, 
with  a  view  of  disguising  the  odor  and  Laste  of  nauseous  medicines, 
is  by  no  means  a  novelty,  having  l»oen  practised  over  fifty  years  ago. 
At  one  time,  the  silvering  or  gilding  of  pills  was  of  frei^ueut  occur- 
ence, but  at  present  it  is  but  mrely  employed*  Pills  to  l*e  thus 
coated  must  be  made  firm  and  rolled  per- 
fectlv   smooth,  if    possible,    without    any  F».2i7. 

dustin;i-p<3wdcr ;  tljey  should  be  slightly 
dampened  with  very  thin  mucilage  of 
a<»eia  and  then  j^lactnl  in  a  suitable  ap- 
paratus C4)nsrsting  of  two  hollow  hemi- 
spheres of  hard  wootl  or  horn,  as  shown 
in  Fig.  217.  Silver  or  gold  foil  is  ad<ied, 
when,  the  apparatus  having  In^eu  (^Um^*!,  a 
rapid  rotary  mi»tioM  will,  iu  a  very  short 
time,  I'ausi'  the  pills  to  take  on  a  uniform 
coating  of  the  metal ;  shi»uld  some  of  the 
pills  receive  only  a  }>:irtial  covering,  more 
foil  must  Ik?  adtletl  and  thi*  mtary  motion 
rejieattd.  As  a  rtdc,  one  leaf  of  silver  or 
gold    will  cover  a  dozen  two-grain   pills. 

Glycerin  should  not  be  used  as  an  excipient  for  pills  which  are  to 
be  silver-  or  gold-coated,  an  it  will  lessen  the  brightness  of  the  metal. 

Sugar-coating  is  a  process  which  is  not  readily  applicable  to  tlie 
ojwnitions  of  the  pharmacist,  re«| Hiring  experience  and  piiictice  to 
in^jure  5uc<x»s8.  It  mrtakes  of  the  confeinioner*?;  art,  nitnough  the 
cvmting  of  pillg  witn  sugar  rcf|tiircs  somewliat  more  C5irt%  on  act*ount 
of  the  al)senco  of  starch  or  flour,  which  genendly  make  up  a  jMirt  of 
the  ronfe<*tioner'8  eoating.  Sugar-coating  of  pills  is  done,  on  a  largo 
scale,  in  hemiapf\eric:d  ropp^T  pans  made  to  revolve  ?ilowly  within  a 
fi>il  of  sti^m-pipi*  Runplyiug  the  utxt^sar}*  heat  fiir  cva|M>nitton  of 
th  f'*;  the  pill?*,  whirh  should  be  well  airdrie*!,  are  phu^ed 

in  and  n  i|uantity  of  simpU*  syrup  or  of  a  mixture  of  syrup 
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11114 1  niui'ilairt*  «>f  aeaeia  ij^  p<nir*'<i  on,  the  pan  lieinp:  kept  in  ^nnstanf" 
rotary  motion  until  the  pills  an*  ilry,  Tlie  ndditiuti  of  syrup  m 
n^pcjihtl  until  a  gnffioienlly  thick  r-oating  has  l)ei'n  flcpoaitetl  OD  the 
pills,  and  X\\h  can  only  l>e  asc^rtaiiiiHl  by  experience* 

Sugar-cHjalin^^  can  1m?  more  fincxfs^fully  iKirlurmed  with  tt  largi'^ 
quantity  *»!'  pills  than  with  a  small  nunil»er,  a»  the  deposit  of  sugar 
teke«  pla<x'  njurc  uniformly,  and  the  mutual  attrition  of  many  pills 
in^ni'es  a  smooth  surf^v.  Fig-,  218  represents  a  8ugar*<Hmting  pjia 
in  use  in  large  manufacturing  eiitablishments ;  as  seen  in  the  illus- 
tration, it  is  c»perated  entirely  by  steam-power.  For  small  oj>er- 
ations  it  will  he  found  desirable  to  dam)K'n  the  pills  with  diluted 
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mucilage  <fcf  acacia  or  egg- albumen  nnd  then  rotate  them  in  n 
tinned'CHjppiT  i>r  |M)rti*lain  dish  coulaining  either  finely  bolted  sugar 
or  a  mixture  of  a*iicia  1  jmrt  nmX  sugar  'y  part^,  or  of  sugar  2  parts, 
atigar  of  milk  I  |mrt  and  purifiinl  talcum  1  pint.  With  care  and 
prnctice,  vm*  fair  rej<ultrt  may  Ik*  ohtainiHl,  although  the  pills  caji- 
not  1m*  exj>ec*t*Ml  to  I»M>k  as  |ii*rfe4»t  as*  those  c^mteil  by  machinery*  A 
i»mail  apimratub^  iia.H  U'cn  ilev  ined  in  Kngtand  for  iacilitating  ttie 
*agiir-c<»ating  of  pilli^  at  the  dii*j>enHini;;  ci*unter ;  it  in  slutwu  in  Fig. 
219  and  couHists  of  a  flat-ljottomKl,  tinneil-<oppcr  pan,  with  a 
hinged  cover.  The  pills  having  I»ct*n  damjKuutl  a&  din^i^tiil^  may  Ijc 
placed  in  the  pan  with  the  sugar  and  rotated  while  a  gentle  beat  is 
applied,  which  fainlitatea  the  drying  of  the  coating;  when  dry,  the 
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procesrwme  n^ixatefl  until  a  |>erre«^,  hard,  white  coating  is  ob- 
taintil.  Siigar-i*oatc<l  pills  do  not  at  first  have  the  gloasy  appear- 
aoi-e  m  familiar  to  all,  hut  arc  dull  wheu  taken  from  the  coater; 
tliey  are  then  shaken  with  pieces  of  paraffin,  which  causes  a  minute 
fibn  of  the  latter  to  l>e  dej>osited  ou  the  sugar,  and  thus  the  desired 
gloes  is  produced. 


Gelutiu-t'oatiug  is  more  re4ylily  applie<]  than  sugarK-oating,  but, 
like  the  latter,  requires  prai^lice  to  insure  proficiemy.  The  chief 
diflieuUy  lias  in  tlie  drying  of  the  ec:)ating  atler  the  pills  have  been 
dipoed  into  the  solution  of  gelatin  ;  the  pills  must  l>e  kept  in  motion 
wnue  the  gelatin  cools,  otherwise  the  coating  will  not  be  uniform* 
Pills  to  be  gelatin -floated  must  l>e  firm,  dry  and  free  from  dusting- 
powder;  if  glycerin  is  used  as  an  excipieut,  it  is  apt  to  soften  the 
gelatin-coating,  causing  the  pills  to  stick  together.  For  pills  con- 
taining strongly  o^Iorous  substances,  such  as  asafetida,  sumbul,  loiio- 
form,  the  valerianates,  etc,  gclatin^coating  is  decidedly  inferior  to 
augar-coating,  as  the  odor  very  soon  penetrates  the  gelatin.  The 
manner  of  f.>)ating  the  pills  on  a  large  scale  is  identical  with  that 
used  for  only  a  dozen  pills,  namely,  the  pills  are  impaled  upon  long 
thin  necdli"S,  to  the  depth  of  about  -X  of  an  inch,  and  then  immersed 
in  a  solution  of  gelatin  kej>t  fluid  by  means  of  a  water-bath ;  in 
order  to  avoid  contni<^tion  and  cracking  of  the  gelatin  ujjon  cooling, 
mucilage  of  acacia  is  usually  addetl  to  the  solution,  and,  by  some, 
syrup  also*  The  rapid  drying,  on  a  large  scale,  isetlet^tcd  by  placing 
tlie  pills,  sotm  after  they  have  been  dipped,  while  still  on  the  needier, 
in  st»ecially  constructHl  drying  <?ases  connected  with  an  exhaust  fan, 
by  means  of  which,  air  is  rapidly  drawn  thnmgh  the  cases,  and  the 
moisture  is  thus  removed. 

For  small  tipenittons,  various  devices  have  l>een  suggested  for  dry- 
ing the  geIatin-<H>ating,  no  one  of  which  can  be  said  to  be  the  best,  aa 
pharmaciatB  are  apt  to  prefer  that  apparatus  with  which  they  have 
beoome  most  famuiar  by  practice.  The  gelatin  st>Iution  should  ite 
kept  at  a  temperature  between  72®  and  82**  C.  (KiLe^*  and  179.6** 
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A  be  too  thick  when  the  pills  j 


oersed.and 


F.),  80  that  it  may  nut  be  too  thiek  wrien  the  pills  are  imrae 
fuiy  scum  or  froth  fbrmiDg  should  be  carefully  pushed  aside  before 
the  pills  are  dippecj.  Fig8.  220,  221 ,  222  and  223  represent  the  four 
leading  styles  of  gelatin-coating  apparatus  in  use  among  pharmacists 
in  this  country.  In  three  of  them  tne  pills  are  taken  up  on  the  needles 
from  a  tray  provided  with  grcxjves,  in  which  the  pills  have  been 
placed,  and,  after  thev  have  been  dipptH:l  into  the  gelatin  !?K>lution, 
are  revolved  until  dry  and  theu  8tripj)c<l  from  the  needles  by 
means  of  a  comb,  fthown  in  ttie  illustnitious.  The  arrangement  of 
Prof.  Patch  for  drying  tlie  cxMting,  consists  of  a  wheel  with  slots, 
in  which  the  bars  carrying  the  needles  are  placed,  when  the  wheel  is 
made  to  move  alternately  in  opposite  directions,  by  means  of  a  string 
attached  to  the  axle  past^ing  tnrough  the  wbeel  (see  Fig.  220).  The 
gelatin  solution  recommcndotl  h\  Prof.  Patch   is  made  as  follows: 


/. 


Pfof.  F^tcb'i  irvlAtin-oottlcr 

au^  2  J  otino's  (av,)  of  French  )7t<latin  (gold  label)  with  7  fluid- 
ounces  of  disitilled  water,  and,  when  soft,  dissolve  by  aid  of  a  hot 
WSler  bath  ;  aild  2  drachms  of  boric  acid  and  finally  2  fluidounoes  of 
mQoilsge  of  aeacia;  strain  the  mixture. 

The  *' Porcupine"  gelatin-coater  (Fig.  221),  designed  by  C.  C. 
Wells,  con.Hists  of  a  wooden  tray,  J,  providrti  with  grooves  and  a 
gpoge  for  regulating  the  depth  to  which  the  needles  shall  enter  pills 
of  <1  ixes,  and  also  a  Itnu^  coml)  for  d!-  j  the  pills  rrora 

ihf  a  drying  cylinder,  R^  provided  s  liapeil  rails  on 

its  rounded  cylinder,  whicli  form  grooves  for  receiving  the  needle- 
bars,  C;  a  \i^t4'r-bath  and  solution  holder,  D^  the  latter  being  a 
trough  in  the  cf>ver  of  the  bath  and  kept  at  tlic  right  temperature  by 
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the  aid  of  heat.  After  the  neeclle-hars  carrying  pills  have  been 
placed  )D  the  grooves  of  tiie  cylinder  the  latter  is  kept  revolving,  by 
ineansi  of  the  crank  an  the  side  (larger  machines  are  operated  by 
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clock-work  attachments),  at  the  rate  of  about  50  revolutions  a  minute, 
until  the  pills  arc  dry  onougli  not  to  stick  together  when  taken  off 
the  needles.  Wells  re<ornmends  the  following  (Solution  for  gelatin- 
coating  :  Dissolve  2  drachms  of  aaicia  in  1  fluidouace  of  water  and 
add  1  ounce  (av.)  of  Cox*8  gehitin,  2  fluidounces  of  water  and  1  fluid- 
ounce  of  simple  syrup;  dissolve  by  heat  and  strain. 

The  gelatin-coater  of  W.  C.  Franciscus  (Fig  222),  resembles  the 
other  two,  except  in  the  provision  for  drying  the  coating  on  the  pills, 
%vhich  must  be  done  by  rapidly  twiHing  the  nt^xlle-bars  centred  on  a 
pivot,  with  the  hand^  until  the  pills  are  suflSciently  dry  to  be  re- 
moved* The  different  steps  of  the  oi^ration  are  shown  m  the  illus- 
stration;  A  represents  a  water-liatli.  an<l  C  the  solution-holder  rent- 
ing in  thesnme;  JB  £  shows  the  position  of  the  needle-bar  in  the 
act  of  impaling  the  iiills  which  have  Ix^n  placed  in  the  depressions 
in  the  tray,  the  lialls  on  the  ends  of  the  l>ar  insuring  accuracy  in 
centring  the  pills  with  the  neeille-j>oiuts,  by  slipping  over  the  rods 
B  and  J3.  At  E  is  shown  the  manner  of  revolving  the  pills,  after 
they  have  lieen  dipiied,  liy  means  of  the  pivotal  handle,  A  When 
unf"  '  '  dry,  the  pilU  are  .itripjied  from  the  needles  by  means  of 
th^  itlaA'hcd  to  the  traVt  O, 
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Mavnard's  ^latin-coat^r(Fig.  223)  w  not  providecl  with  a  grooved 
Uny  from  whi<*h  the  pills  nv^  taken  up,  bntj  iDBtcaJ^  the  pills  are 
placed  in  depressions  in  a  metallic  plate,  E,  providiHl  also  with  two 
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hxAm  10  recdve  the  gnide-pins  attached  to  the  eironlar  ni^dle-holder^ 
D»  and  nurrounded  witli  a  metallic  ring,  F,  to  keen  tlie  pills  fipom 
rolliof;  off.  When  the  needle-holder  is  not  in  use,  tlie  needle-pointa 
art  drawn  back  behind  the  outer  disk  by  means  of  the  handle 
sttfK^iM  to  thi*  top,  to  whi^h  the  neeilles  are  fastened.  To  impale 
til  (iressed,  passing  through  the  |>«rrnnUion« 

in  !ip  the  mils  as  shown  at  C.     Thu  grlatin 

eoitition  is  containc<l  in  a  covereci  agate-ware  dish,  resting  in  the 
ooDoer  water-bathy  A;  aAer  the  pilla  have  been  dip|)ed,  the  neadle* 
liolaer  is  slowly  revolvwl  to  facilitate  the  uniform  diiitributton  of  Uie 
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gelatin  film.  When  the  gelatin  has  set,  the  needle- holder  may  be 
laid  aside^  as  shown  at  C,  until  the  coating  is  sufficiently  hard  to 
allow  the  pills  to  be  removed  to  the  tray  of  wire  gauze,  B,  by 
gFasping  the  circular  plate  on  the  needle-bolder  with  one  hand  and 
pulling  the  handle  upward  with  the  other.  It  is  always  well  to 
slightly  grease  the  perforated  disk,  through  which  the  needles  pass, 
with  [letrolatum,  to  prevent  the  pills  from  adliering. 

The  npj>Iieatiou  of  a  ooutinuons  coating  of  gelatin  to  pills  without 
the  use  of  needles  is  in  successful  operation  at  several   large  manu- 
facturing establishments,  but  ia  not  available  at  the  dispensing  coun- 
ter, since  extensive  steara*power  machinery  is  necessary  for  the  work*     y 
In  Fig.  224  may  be  seen  a  cut  of  prolmblv  the  only  machine  of  iS 
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kind  at  the  present  time;  it  was  designe<l  by  Arthur  Colton,  of  De- 
troit*  Michigan,  and  has  a  capacity  of  coating  from  6000  to  10,000 
pills  per  hour.  This  ingeniously  eonstructeil  piece  of  machinery  ia 
opi*rated  by  two  female  attendants  in  the  following  manner;  The 
pills  to  be  coated  are  place<l  in  the  dmwer  A^  which  is  provided 
with  a  perfomted  plate  in  the  bottom  at  the  eml  projecting  from  the 
drying-kilti.  The  ilnnver  A  having  lj**cu  draw.,  mit  and  so  arranged 
that  the  rjejfurate*!  plat**  r<*gihU»rs  over  a  set  of  tul>es  on  plate  B,  the 
pills  are  brunhed  through  tlie  (lerforations  by  means  of  a  brush  mov- 
ing forward  and  backward  in  A^  and  are  Urmly  held  on  the  tubes 
by  a  vacuum,  produced  l)y  means  of  the  pump,  /*,  The  tul»e-plate, 
^,  is  fnstened  l)y  mcarj.s  of  a  clam[j  to  the  htKxl,  C,  and  by  revolving 
the  latter  halfway  the  plate  is  brought  face  dtiwuward  over  the  pan, 
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Df  ooDtaiuing  the  gelatin  solution.  By  means  of  the  handle,  £*,  the 
pan,  D,  IB  then  8h>wly  raised  far  enough  to  immerse  the  pills  half 
way,  which  is  regulated  by  the  stop,  F,  so  as  to  avoid  getting  any 
gelatin  solution  on  the  tubeplate.  The  plate,  B,  with  the  pills,  is 
next  raised  and  carefully  placed  in  the  slide,  6?,  and  another  tube- 
plate  filled  with  pills  as  before,  the  operation  of  placing  the  pills  on 
the  tubed  and  coating  tliem  being  contiuueil  until  tlie  supply  is 
exhausted.  As  one  plate  after  another  is  placed  in  G  tliey  are 
pushed  forward  tlirou^li  the  kiln,  where  the  coating  is  dried  by  cur- 
rents of  warra  air  sutHciontly  to  allow  the  pi  Us  to  l)e  transferred  to 
another  plate  at  the  otfier  end,  when  the  ojx'ration  of  dipping  ibe 
other  half  of  the  pills  is  performed  by  the  second  attendant,  and  the 
plate  now  carrying  the  completely-coatetl  pills  is  returned  through 
the  kiln  on  a  second  slide  running  parallel  to  the  first.  When  the  pills 
agaia  reach  the  first  operator  they  are  dry  enough  to  l>e  placed  into  trays. 

Iti  place  of  gelatin^mting  at  the  drsp^nsing  counter,  the  plan  pre- 
vails, in  this  country,  of  clisguising  the  disagreeable  fxlor  and  taste  of 
pills  by  enclosing  thera  in  gelatin  capsules.  These  gelatin  cjapsules 
are  sold  under  the  natne  of  empty  capauks,  and  consist  of  small 
cylinders  closed  at  one  end  and  provided  with  a  shorter  cylindrical 
cover;  thev  ootnir  in  seven  sizes,  ranging  from  f  inch  to  1  inch  in 
length,  and  are  numlx»nHl  respectively  frt>m  No-  5  to  Xo.  (X) ;  they 
are  sold  at  faitultjusly  low  prices.  The  composition  of  tlie  empty 
capsules  made  in  this  ecmntry  is  a  mixtui*e  of  giJatin  and  glycerin  in 
variable  proportions,  dejjendent  upon  the  character  of  the  gelatin. 
The  French  Pharmacopeia  recommends  for  haitl  capsules  a  mixture 
of  30  parts  each  of  white  gelatin,  gum  arahic,  and  sugar,  10  [larts  of 
clarified  honey,  and  IMO  parts  of  water,  to  be  meltetl  with  the  aid  of 
a  water-bath;  for  elastic  capsules  is  recommeudeid  a  mixture  of  50 
parts  of  white  gelatin,  15  parts  each  of  gum  arable  and  sugar,  12^ 
parts  of  glycerin,  and  80  parts  of  water,  to  be  likewise  dissolved  on 
a  water-lmth.  Other  atithorrttes  propose  for  hard  capsules  a  mixture 
of  00  parts  of  gelatin,  10  partj?  cadi  of  acacia  and  sugar,  and  50 
parts  <»f  water  ;  and  for  mil  i-apsules  a  mixture  of  oO  parts  of  gelatin, 
16  parts  of  sugar,  20  jmrts  of  glycerin,  and  90  parts  of  water. 

The  ai|)«ulca!»  arc  made  by  dipping  either  metallic,  bone,  or  w^ooden 
mouUU,  attachetl  l)y  means  of  handles  to  a  suitable  disk,  into  the 
melted  gelatin  mass  kept  at  a  temperature  of  ai>out  40*^  C.  (104**  F.), 
and  then  rotating  the  m  '  '  nlly  torn  few  minutes  so  as  to  insure 
a  uniform  film;  if  n<V(  i  '  immersion  is  n*jH*«itc<L     To  prevent 

adhesion  of  the  gelatin  M/lutina  to  the  tnc»ulds,  the  latter  are  nibl^cd 
with  a  soft  oileil  rUtiU  UifoiT  dipping  them.  After  twenty  or  thirtv 
tiiintjti*^  th^f  gi^lattn  film  will  have  b<KY)me  sutHciently  firm  to  allow 
the  mipiKtik^s  to  1h*  strjp|)ed  from  the  mould,  and  laid  aside  to  dry  in 
iuilable  doitMs  pmvrded  with  a  draft  of  moderately  warm  atr,  mnv 
exoem  of  grbtin  UMug  removed  with  an  ivory  knife  before  the  rap-^ 
iolt  ia  taken  from  the  mould. 

Aa  the  objert  of  capsiding  pilKmasses  is  to  render  the  medicine 
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as  palatable  as  possible,  care  shoukl  be  taken  that  the  exterior  of  the 
capsule  be  not  coDtaininated  in  any  way  with  the  material.  This  is 
best  aoconiplished  by  dividing  the  mass  into  small  cylindrical  pieces, 
rounding  off  the  ends  of  each,  and  then,  after  having  washed  the 
hands  thoroughly,  introducing  the  pieces,  by  the  aid  of  a  long  needle, 
into  the  capsule  held  in  the  left  hand,  taking  up  the  cover  with  two 
fingens  of  tlie  right  hand  holding  the  needle  and  quickly  slipping  it 
into  position,  thus  avoiding  all  contact  uf  tlie  mass  with  the  exterior 
of  the  capsule.  The  habit  of  putting  pills  into  eajisules  with  the 
fingers  is  censurable  and  an  evidence  of  bad  training* 

The  filling  of  capsules  witli  liquids  is,  as  a  rule,  done  in  lai^e 
manufactories,  and,  for  this  purpose,  capsules  of  ovoid  shape  hav- 
ing a  small  orifice  are  seleeted ;  they  are  supported  on  trays  or  racks, 
and  the  lii|uid  is  introduced  by  means  of  a  pipette  or  a  syringe  with 
a  small  uoatzle.  The  orifice  of  the  capsule  is  finally  closed  by  putting 
over  it  a  little  of  the  warm  gelatin  solution,  with  a  glass  rod.  When 
the  pharmacist  has  occasion  to  dispense  liquids  in  ordinary  empty 
capsules  the  l>est  plan  is  to  set  the  capsules  up  in  a  shallow  box  with 
a  perforated  lid,  and,  having  introduced  the  liquid,  seal  the  cover 
hermetically  by  moistening  the  edges  in  a  drop  of  water  spread  on  a 

E ill-tile,  before  slipping  it  over  the  capsule;  a  mere  trace  of  water 
eing  sufficient  to  cause  a  union  Ijetween  the  cover  and  the  capsule^ 
any  excess  of  moisture  must  l>e  shaken  off,  as  it  would  cause  the 
capsule  to  soften  and  finally  leak. 

The  well-known  Frenclj  pearls  of  ether,  apiol,  chloroform,  etc, 
are  gelatin  globules  filled  with  the  respective  liquids.  According  to 
Th6venot,  they  are  jirepared  as  follows :  A  mass  composed  of  gelatin, 
acacia^  sugar,  and  honey,  is  rolled  out  into  thin  sheets,  one  of  which, 
while  still  sort,  is  plaetHj  n[>on  an  iron  plate  of  6  millinieters  (about 
J  inch)  thickness,  and  containing  numerous  suitable  cavities  of  10 
millimeters  (about  j  inch)  diameter,  into  which  the  mass  sinks  by 
reasan  of  its  own  gravity,  thus  forming  a  hollow  hemisphere  in  each 
cavity ;  the  desired  liquid  is  introduced  by  means  of  a  pi|>ette  or 
sm»ll  syringe,  and  a  cover  consisting  of  another  sheet  of  the  same 
gelatin  ma^is  laid  on*  A  second  iron  plate  corresponding  exactly 
to  the  one  first  used,  is  now  placed  over  the  last  sheet,  and,  after 
screwing  the  plates  together  their  position  is  reversed  so  that  the 
second  gelatin  sheet  may  fill  the  ctivities  in  the  second  iron  plate, 
thus  completing  the  spherii^al  shape  of  the  pearls  or  globules,  which 
are  finally  sepanitecl  from  each  other  by  subjecting  the  whole  arrange- 
ment to  [xjwerful  pressure.. 

Another  method  is  siiid  to  consist  in  filling  a  tul>e,  made  of  gelatin 
comjM>sition,  with  the  re*ip<.x;tive  liquids,  and  then,  by  means  of  a 
sjKscially  constructed  machine,  cutting  off  pieces  of  the  required  sixe 
and  simultaneougly  pressing  these  into  the  proper  shape.  The  ajw 
{rnratus  used  for  this  methfi<l  wit^  invented  by  a  French  pharmacist 
and  is  known  as  Viers  Capsulator 

Pills  ar«^  sotnetiutfH  t-oated  with  (H.dlodion  or  l)alsam  of  tolu ;  the 


A 


PBACTia  i L  PILinMA  ( 'Y. 


laiivT  plan  is  dirtvte*!  in  Hie  offieiftl  formulas  for  nilU  of  imlitlo  of 
Iron  and  of  j>ho«pfiorai*.  To  rout  pill.i  witli  eolfixlion,  they  are 
nirnply  imjialt'd  on  noedles  an<l  dipj>ed  into  collodion,  which  ia  then 
allowed  to  dry  ;  if  wati^r  In?  preBent  in  the  pills,  the  coating  will 
become  mottled  or  ojiatpie.  The  Phannaoopceia  directs  a  8olution  t>f 
10  (jm.  of  balsam  of  tolu  in  15  Ce.  of  ether,  for  txiating  pilb,  but, 
owing  to  the  very  rapid  evaporation  of  the  solvent,  the  proc^'SB  ia 
very  unsatisfactory,  as  the  pilU  are  apt  to  stick.  A  l>etter  plan  \h  to 
follow  the  BUgg©*tion  of  Prof*  Pat<^h,  which  is  us  follows  :  Dissolve 
540  grains  of  l>al^m  of  toln  and  180  grains  of  mastic  in  2  fluid* 
ounces  of  alcohol,  and  filter  through  cotton.  Coat  the  interior  of 
two  flat  evaporating  dishes  with  a  veiy  thin  film  of  oil  of  sweet 
llmond  or  jxlrolatum,  ulace  the  pills  to  be  cimted  in  one  of  the  dishes, 

ridd  a  few  drops  of  the  solution,  mver  with  the  second  dish  and 

rotate  rapidly  until  the  pills  are  well  coated,  then  put  on  a  tray  to  dry. 

The  soHL^Ile^l  "  peiirl  coating*'  is  applied  in  a  manner  similar  to 

that  Uised   for  gilding  or  silvering;  tlie  pills  having   lx?en  evenly 

Ul  '1  with  a  very  thin  adhesive  lifpiid  (nivicilage  of  .' 

ffi  H.  and   water  5vj,  or  tragacanth   4  grains,  synip 

water  ovijss),  are  rotatet]  in  a  globular  box  with  purified  talcum  or  a 
mixtuit*  of  talcum  and  8Ugar  in  the  form  of  an  im^mljKible  powder. 
If  a  high  jiolish  is  desired,  this  can  be  obtaint^d  by  rotating  them 
afterwanl  in  another  globe  coated  on  the  inside  with  paraffin* 

Keratin  tHxiting  has  Ix^en  es]>e<'ially  recommended  for  pills  which 
an*  not  to  Im*  actetl  uj>4>n  in  the  stoma*  h,  but  to  be  soluble  in  tho 
iot4*stinal  fluids.  Keratinize**!  pills  were  first  introduced  by  Dr. 
\  nnii,  of  (teraiany,  but  have  not  met  with  much  favor,  on  account 
t>f  the  tix1i(M]s  process  of  coating.  Keratin  is  a  tH>nstituent  of  all 
homy  fnatti'r  and  is  obtained  from  the  same,  after  removal  of  fat 
with  ether,  b'  m  in  ihe  form  of  shavings  or  turnings,  with  a 

mixture  iA^  j^  ,  tlrochloric  acid,  and  water,  for  twenty-four  or 

thirty -six  hours ;  this  treatment  removes  all  matter  soluble  m  the 
stric  juice.  The  residue,  having  been  well  washed  with  water,  ia 
ligfiiteci  with  eight  or  ten  times  its  weight  of  h  per  cent  ammonia 
water  in  a  looady  stoppered  flask,  at  a  mixlerate  heat,  until  a  oearly 
complete  s<ilation  results,  which  is  then  filtered  and  evaporated  to 
ilrvnefifi.  Keratin,  as  thus  pi-epand,  is  a  c^immercial  article;  both 
aad  and  alkaline  solutions  ot  it  are  usecl  for  coating  pills. 

Ammoniai^l  aolutioo  of  keratio  is  prepared  by  dissolving  7  fiarta 

yaf  keratin  in  a  mixture  of  50  parts  of  10  per  cent,  ammonia  water 
ad  50  (lartit  of  60  per  I'cnt.  ainjhol  (scilution  may  1»«»  facilitated  bjr 
Wwraing),   This  alkaline  solution  should  bi»  used  for  pills  containing 
trjnBUi,  pancneatiQ,  mt^tallie  sulphides,  etc. 
'Arrtic  solutioii  of  keratin,  made  bv  dissalving  7  [wirts  of  keratiti 

i|q   100  parta  cif  gladal  aci*ttc  acid  (if  nt*oc»9nr}-,  by  (he  aid  of  a 
lie  beat),  it  ailapte«i  for  pillp  containing  ferric  chloride,  tannin^ 

'aaBc^lie  add,  anwnic^  cruoiciti?^  and  the  mlta  of  mertniry,  gold,  and 
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For  chemically  indifferent  suhstances,  either  the  alkaline  or  acid 
solution  of  keratin  may  be  employed. 

All  pills  intended  to  be  eoate<l  with  keratin  must  be  made  with 
some  fatty  excipieot  and  contain  no  appreciable  moisture ;  the  mass 
is  best  made  with  c^icao-butter  and  oil  of  sweet  almond,  or  a  mixture 
of  purifietl  mutton-tallow  or  cacao-butter  10  part«?  and  white  or 
yellow  wax  1  part.  After  the  pills  have  been  rounded  they  should 
be  dippetl  in  melted  cacao-butter,  which  is  allowt^d  to  harden  ;  they 
are  then  placeil  in  a  porcelain  dish,  the  keratin  solution  added  (alxiut 
30  or  40  drops  for  100  pills  of  medium  size)  and  rotated  until  the 
pills  have  l>ecome  thoroughly  moistened,  after  which  they  arc  dried 
on  jmrchment  paper,  to  which  they  will  not  adhere.  The  application 
of  keratin  solution  must  be  repeattnl  three  or  four  times  and  allowed 
to  dry  each  time. 

To  avoid  the  tediousness  of  coating  with  keratin,  salol  coating  has 
bt^n  rect>mmen<leil,  which  is  best  applied  by  melting  salol  in  a  dish 
and  dipping  the  pills,  tixed  on  mH?dles,  into  it,  afterw^aixl  closing  the 
small  needle-holes  se[>arately.  Salol,  like  keratin,  is  insoluble  in  the 
gastric  juice,  but  the  coating  has  not  been  found  so  satisfactory* 


The  Offloiai  PillB. 

Tbe  U*  S.  Pharmacopoeia  gives  working  formulas  for  15  varieties 
of  pill-masses,  and  as  these  are  directed  to  be  divided  into  a  definite 
0ural>er  of  pills,  they  are  indicated  under  the  title  **  Pilulie."  The 
term  "Massa"  is  applied  to  those  ot>mbinations  which  are  intended 
to  be  kept  on  hand  in  bulk,  being  fref|uently  prcscril>etl  as  constitu- 
ents of  otlier  pill- masses.  In  the  British  Pharmact>p<n[?ia  21  formulas 
for  pill- masses  are  given,  but  in  no  case  is  the  mass  directed  to  be 
divided  into  a  given  number  of  parts;  they  are  all  designated  by 
the  simple  title  "Pilula." 
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•{ 


Com|i«MlUaii  of  mmIi  PtU. 


l^uriticd  Alo«s 
8o«p 

(  Pari  tied  AWs 
Aloes  eft  Aflid<cKtid»-|   XmieXiAn 

r   Piiriticd  Aloes 

I   Artunatic  l\>mleT 

{Puri^ed  Aloes 
Mii«tlc     . 
HC41  HOAO 

Pufiitwl  Al«>^ 

lyrrli 
Aromatic  Powdof 


I  et  Myrrba 


ai3  Gm. 
0.13     ** 

QM    " 
0.09    ** 

0.07  Om. 
0  07     " 
0.07     *• 

0.13  Om. 
0  04     ** 
O.OS    '' 

0.13  Oro. 
0.06    " 
0.04    " 


Ejielplant. 

Wftter. 
Water. 


Gonfedion 
or  Rose. 


Water* 


.Syrup. 
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Name. 

Pilulae:  Antimonii 
Compositse 

Asaf oetidffi . 


Catharticse 
ComposiUe   . 


CompotltloQ  of  each  Pill. 
(  Sulphurated  Antimony  . 
Mild  Mercurous  Chloride 


Guaiac 

Asafetida 
Soap 


Comp*d  £xtract  of  Colocynth 
Mild  Mercurous  Chloride 
Extract  of  Jalap    . 
Gamboge        .... 


Comp'd  Extract  of  Colocynth 
Extract  of  Hyoscyamus 
Cathartic®  "        "  Jalap  * . 

Vegetabiles  .  |  **  "  Leptandra  . 
Resin  of  Podophyllum  . 
Oil  of  Peppermint . 

f  Ferrous  Sulphate,  crystallized 
Potassium  Carbonate 

Ferri  Carbonatis  .  •{   Sugar 

Tragacanth     .... 
Althsea 


0.04  Gm. 
0.04    " 
0.08    " 

0  20  Gm. 
0.00    " 

0.08  Gm. 
0.06     " 
0.03    " 
0.015  " 

O.OC  Gm. 
0.03  " 
0.03  " 
0.015  " 
0.015  " 
0.008  Cc. 


Excipient. 
Castor  Oil. 


Ferri  lodidi    . 


Reduced  Iron 

Iodine    .... 

Glycyrrhiza   . 

Sugar     .... 

Extract  of  (flycyrrhiza  . 

Acacia    .... 


Opii  .  .  . 
Phosphori  . 
Bhci  .     .     . 


Powdered  Opium 
Soap 

Phosphorus    . 
Althiea  . 
Acacia    . 


0.16  Gm. 
0.08     '* 
0.04    " 
0.01     " 
0.01     " 

0.04  Gm. 
0.05  " 
0.04  " 
0.04  " 
0  01  " 
0.01     " 

0  065  Gm. 
0.02      " 

0.0006  Gm. 
0.060       " 
0.060      *• 


Rhei  Conii)ositie 


I   Rhubarb         ....  0.20  Gm. 

\  Soap 0.06     " 

r  Rhubarb         ....  0.13  Gm. 

I    Puritied  Aloe.s  .         .  0.10     " 

1    Myrrh 0.06     " 

[  Oil  of  Peppermint  .  0  00')  Cc. 

Special  Re.makks. 


Water 


Glycerin 
and  Water. 


-  Water. 

\  Water. 

(  Glycerin 
j    and  Water. 

I  Water. 
Water. 


If  it  is  desired  to  kwp  any  of  the  official  pills  in  stock  in  an  un- 
coatcd  condition,  they  shonld  at  once  Ix?  placed  in  a  mixture  of  lycx>- 
podium  and  iM)wdered  liijuorice  root  and  allowed  to  remain  there 
until  dry,  which  may  re<juire  from  four  to  eight  days  ;  they  can  then 
be  kept  in  bottles,  without  danger  of  moulding  or  losing  their  shape. 
This  plan  is  jjarticularly  advisable  for  the  Compound  and  Vegetable 
Cathartic  Pills. 

PiluliC  Alof/<  d  AmUrtidoR,  Sele<?t  tears  of  asifctida  only  should 
be  used,  and  it  will  l>e  found  advantageous  to  inake  a  plastic  mass 
of  the  gum-resin  and  soap  with  a  HindU  qanniitii  of  miter,  and  then 
incor|K)rate  the  |M)wdered  al(K»s.  Exwss  of  moisture  nuist  l>e  care- 
fully guanh^l  against. 

Piluhe  AlocH  et  Mivstivhes,     Tlu^se  pills,  commonly  known  as  Lady 
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Webster  Dinner  Pilk,  are  apt  to  become  very  hard  in  time,  hence  it 
appears  preferable  eitlier  U>  make  them  up  fresh  wfjen  wanted  or  to 
use  a  mixture  of  syrup  and  water,  ecjual  parts,  or  glycerin  and  water, 
equal  parts,  in  place  of  water  as  an  exdpient.  The  mastic  must 
be  uaea  in  fine  powder,  and  the  thra?  powden^  should  be  well  mixtnl 
before  any  excipient  is  addetL 

PUulcB  AnUmomi  ComposUcp,  These  pills  were  at  one  time  exten- 
sively prescribed  under  tht?  name  of  Plummer'a  Alterative  Pilh^  und 
prescriptions  calling  fur  IM  pills  at  a  time  were  not  unusual.  The 
use  of  castor  oil  as  an  excipieut  in  place  of  mucilage  of  tragacanth  is 
a  decided  improvement,  and  was  taken  from  the  BritiBh  Pharma- 
copoeia. A  little  care  is  necessary  to  avoid  an  excess  of  oil,  which 
renders  the  pills  uA\  and  greasy.  After  the  powders  have  been  well 
mixed,  the  castor  oil  should  Ix*  added,  a  few  drops  at  a  time,  and  the 
mixture  well  kneaded  after  each  addition,  until  a  firm  mass  is  ob- 
tained which  is  not  greasy  to  the  touch.  It  must  be  borne  in  mind 
that  the  oil  acts  as  a  solvent  upon  tlie  resin,  which,  thus  lieeoming 
soft,  can  be  readily  combined  into  a  mass  with  the  metal  he  powders. 
The  stain  left  in  the  mortar  when  making  Plummer's  Pills  is  best 
removed  with  soap  and  water  (preferably  hot),  followed  by  hydro- 
chloric acid, 

PHuiiE  CathartuxE  Comptmice,  In  making  these  well-known  pills, 
powdei'od  extract  of  jalap  is  to  be  preferred  to  the  pilular  extract 
officially  directed  ;  it  should  l>e  first  mixed  with  the  gamboge  and 
calomel  and  finally  with  the  powdered  compound  extract  of  oolo- 
cyntht  A  moderate  quantity  of  water  (fl5vi  for  1000  pills),  which 
should  be  added  to  the  powders  all  at  once,  suffices  to  make  a  satis- 
factory, firm  masss,  provided  the  mixture  be  w^ll  kneaded  in  the 
mortar.  Compound  Cathartic  Pills  should  never  lie  put  away  in 
stock  bottles  until  [perfectly  dry  and  hard. 

PUulat  FetTi  Girbonatis.  —  Blaud's  pills,  as  the  official  pills  of 
ferrous  carbonate  are  more  commonly  termed,  have  probablv  caused 
inexperienced  pharmacists  more  trouble  than  any  other  pill-mass  ; 
this  IS  jmrtly  owing  to  the  fact  that  physicians  frequently  order  equal 
partH  of  ferrous  sulphate  and  potassium  carl>onate,  which  renders  the 
mass  very  deliquescent,  on  account  of  the  excess  of  potassium  ciir- 
bonate.  The  official  formula  yields  very  8atii*factory  results,  the 
secret  of  success  lying  in  the  corapletal  reaction  between  the  iron 
and  putassium  salts,  ljeft>re  the  final  massing  with  tragacanth  and 
althfiea.  The  mass  should  be  rolled  out  and  cut  while  still  moder- 
ately soft.  The  official  formula  is  based  on  tl»e  assumption  that 
■bscjlutely  pure  ptttJissium  carbonate  will  be  used,  in  whicli  cus*'  the 
decompmition  will  t>e  complete,  as  the  IG  Gra.  of  crystallizetl  ferrous 
sulphate  require  7.954  Gm.  of  uotassium  carbonate,  yielding  6.673 
Gni.  of  ferrous  carbonate  ;  if  the  notassium  carbonate  used  be  lesa 
than  100  per  oent\  pure,  an  excess  ol  ferrous  Hulphate  will  be  pFeaent« 

Physicians  are  in  the  habit  of  prescribing  four  drachms  each  of 
ferrous  sulphate  and  potassium  carbonate  to  be  made  into  100  pills, 
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which  proportions  should  be  chan|j:ed  to  4  drtidiiii^  and  140  gratna 
r€sp€<^:tively.  The  fol lowing  method  of  prw^edure,  which  1  have 
U8CT  with  marked  stioeesa  for  maDj  years,  was,  I  think,  first  sug- 
g^ted  by  Mr.  Tscheppe,  of  New  York  :  Rub  the  240  grains  of 
crystallized  ferrous  sulphate  into  a  fine  j)owder  with  30  grains  of 
sugar,  and  mix  with  140  grains  of  potassium  rarl>0Date  also  reduced 
to  powder  ;  the  mixture,  which  will  soon  soften  and  change  c*oIor, 
should  be  stirred  from  time  to  time  until  the  reaction  is  complete, 
which  19  known  by  the  diaapj>earance  of  the  gmnular  condition  and 
the  formation  of  a  green,  smooth,  very  soft  paste*  Now  add  30 
grains  each  of  p<jwdered  starch  and  pfjwdennl  acacia,  mass  quickly, 
and  mil  out  while  still  soft^  as  the  mass  rapidly  l»ecomes  firm  and 
may  then  crumble  when  ml  led  out. 

Blaud^s  plltft  are  intended  to  tx»ntain  about  0.0Gf)7  Gm.  (about  1 
grain)  of  ferrous  carbonate*  and  cannot  be  kept  on  hand  uncoated  cm 
account  of  the  tendency  to  rapid  oxidation  of  the  iron  salt,  which  is 
retarded,  but  not  entirely  obviated,  by  the  sugar  or  sugar  and  glycerin 

Ijii^sent.  The  pills  should  be  of  a  uniform  deep  green  color,  and  are 
j€st  prej>are<i  fresh  when  wantetl.  In  Great  Britain,  I  he  mai^s  for 
BlaucFs  pills  is  officially  recognize*!  by  the  simple  term  **  Pilula  Ferri," 
and  its  c43mposition  is  about  the  same  as  that  publisberl  in  our  own 
Pharmacof^Kria* 

PUiUiV  Frrri  lodifU.  The  ofllcial  pills  of  ferrous  iodide  are  pre- 
sumably identical  with  Blancard's  Pills  ;  they  contain  an  excess  of 
iron,  which  aids  in  their  preservation.  Each  pill  is  designed  to 
contain  al>out  0.0610  Gm,  (about  1  grain)  of  fen-ous  iodide.  Owing 
to  the  heat  generated  by  the  union  of  the  iodine  with  the  fincly- 
dtvided  iron,  the  former  should  be  added  slowly,  so  as  to  avoid  loss 
by  vaporization^  and  the  mixed  powder  should  not  l)e  ad<led  until 
all  traws  of  free  i(»dinc  havr  ar«.Hl.     When  the  umm  has  I)ei*n 

evap(»nttHl   to  a   [irojK^r  con  on  a  water-l»Qth  it  will  weigh 

abcmt  20  (im.  The  5  Gm.  of  iodine  ordered  in  the  official  formulji 
rajuire  1,104  (an.  of  absiilutely  pure  iron  to  form  ferrous  jodide; 
ibe  amount  of  iron  in  exceisa  will,  therefore,  depend  ui>on  the  pttrity 
of  the  r€<luc^  inm  used. 

Since  pills  of  fcrmus  iodide  are  not,  as  a  rule,  made  extempotn- 
nettusly,  and  are  readily  affected  by  air  and  moisture,  the  Pharmaco- 
jMpia  very  pmperly  directs  a  resinous  coating  to  be  applied  ;  tlie 
advantage  of  a  solution  of  balsam  of  tolu  and  mastic  m  alcohol 
over  an  ethereal  solution  of  balsam  of  tolu  has  already  been  referred 
to  on  pajfo  H2K. 

/  '      The  uniform  dif<itribntion  of  pho^sphonis  in  a 

pill  "iitl  in  a  sttttcof  S4»lutiou,and  thcchoi<*c  of  chlo- 

rotbrm  as  a  solvent  in  the  official  f«jrniulu  has  a  double  advautiige. 
Chlor«)forra,  besides  bcin^  one  of  tlie  lx«t  solvents  for  pl]0$|)hartis 
known,  is  remlily  disMi[jatc<l,  owin*^  to  its  very  volatile  nature,  loav- 
\t\v    '        ■        '  in  a  very  finely  dividtnl  f(>rni,  inti         '     -       il>- 

lit- 


iuixcfl  |K>wdcr^,  whilst  its  lii^vy,  U' 


>le 


vapor  hovers  over  the  mortar  duriug  the  making  of  the  pill  mass^ 
thus  protecting  the  phosphorus  against  oxidation.  Phosphorus, 
being  very  inflammable,  must  be  cut  and  weighed  under  water,  hence 
the  weighing  of  small  quantities  is  often  attended  with  much  difti- 
enlty.  A  small  glass  capsule,  or  a  watch-crystal,  containing  some 
water,  should  he  carefully  tai-ed,  and  in  it  the  phosphorus,  having 
been  cut  into  small  pieces  under  water  with  a  penknife,  should  be 
weighetl  ;  the  pieces  may  be  removed  with  a  small  pair  of  foiveps, 
quickly  dried  by  means  of  tiltering  paper,  and  then  dropped  into  the 
chloroform  containe<l  in  a  test-tube. 

Phosjihorus  is  rapidly  oxidized,  particularly  in  a  state  of  6ne 
division,  hence  pills  *)f  phosphorus  should  \)e  coated  as  soon  after 
they  have  been  made  as  possible ;  as  in  the  (!ase  of  pills  of  ferrous 
iodide,  the  alcoholic  solution  of  mastic  and  balsam  of  tolu  is  pref- 
erable to  the  official  ethereal  solution. 

Each  pill  contains  O.CXXJS  Gm*  (practically  ^jf  grain)  of  phos- 
phorus. 

PUiilit:  Rhei  Conipositm,  Compound  pills  of  rliubarl>  will  become 
very  hanl  by  age,  and  as  they  are  not  oflen  called  for,  it  is  decidedly 
better  to  keep  the  ingredients  properly  mixed,  in  a  glass-stoppered 
bottle^  and  make  the  mass  when  required,  A  mixture  of  syrup  and 
water,  or  glycerin  and  water,  may  be  used  with  advijntage  in  place 
of  water^  as  in  tlic  case  of  pills  of  aloes  and  mastic. 

The  OfQoial  Maaaes. 

As  stated  l^efore,  these  maases  are  usually  employed  as  constituents 
of  other  pill-masses;  they  are  Massa  Copailxe,  Massa  Ferri  Carbonatis, 
and  Massa  Hydrargyri.     The  last  named  alone  is  of  sufficiently  tirm 

'Consistence  to  admit  of  being  rolled  into  pills  which  will  retain  their 
pberical  shape  witliout  the  addition  of  absorbent**,  except  when 
ably  made  in  warm  weiither. 
3Iads  of  Copaiba,  This  is  made  by  mixing  six  parts  of  calcined 
magnesia^  previously  dampened  witli  water,  with  ninety-four  parts  of 
copaiba,  heating  the  mixture  for  one-half  hour  on  a  water-bath,  and 
setting  it  aside  until  it  has  assumed  a  pilular  consistence.  Copaiba 
contaiuh  an  acid   nisin  i^pable  of  uniting  with   magnesia  to   form  a 

)  6t)lid  mai!8,  whiclj  may  l^  looketl  upon  as  magnesium  copaivate  ;  upon 
exposure  this  resin  compound  beoomes  dry  and  hard.  Of  the  dilfcr- 
ent  commercial  varieties,  the  Maracaibo  copaiba  is  best  adapted  for 
making  the  official  mass ;  it  is  thicker  than  the  re^,  not  quite  transpar- 
ent, and  contains  less  volatile  oil.  When  mixed  with  X  of  its  w^eight 
of  fresh ly-calrine<l  magnesia,  goo<l  Maracnibo  i^ipiiba  becomes  heated 

f  and  Bets  to  a  solid  mass  in  the  course  of  a  few  hours.  Experience  has 
taught  that  the  previous  addition  of  water  to  the  magnesia  matcTially 
facilitjites  the  reaction.  Mass  of  eopail^  is  sometimes  known  as 
solidified  cof^ailm  ;  although  it  tun  he  formed  into  pills,  thase  will  not 

[retain  their  8lia|X'  unless  some  vegetable  pijwder  has  been  added. 
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MnnH  of  Fcrrom  C^rl/onrdey  or  Vallett'«  Mass^  is  a  mixtiire 
of  fernms  fflrbomiti*,  sn^nv  and  honey.  Even  whea  very  carefully 
made,  ^o  a^  to  etnttiiti  tlie  full  amouut  of  iron  salt,  it  is  never  of  a 
pjlularconsiateutxi^  but  always  in  the  form  of  a  rather  tenacious  paste. 
The  Pljarma^-opiHa  diretts  the  formation  of  ferrous  carbonate  by  mix- 
ing 9olutiou»  of  ferrous  sulphate  and  sodium  carbonate  in  the  pres- 
ence of  sugar,  and  then  wanhing  the  pre<^ipitate  well  with  swet^tencd 
water  until  the  newly-fornied  sodium  sulplmte  ha;?  been  removed  ; 
the  washinj^  is  Ix'st  performed  by  deeantation  in  flasks  having  a 
narrow  neck,  and  which  can  be  tightly  stoppei-ed.  Theoretically  the 
official  product  should  contain  alxiut  42  }>cr  cent*  of  ferrous  carbon- 
ate*  as  l(M)  Gm,  of  crystallized  ferrous  sulphate  will  yield  42  Gm. 
of  the  carlionatc,  but  as  there  is  always  some  loss  durinoj  the  wash- 
ing jinx'csj*,  the  fiuishc<l  mass  raiTly  contains  more  than  36  i>er  cent., 
and  this  jnuch  only,  if  care  has  been  ol>scTved  to  prevent  oxidation 
by  rigid  exclusion  of  air  Freshly  pn3<»ipitate<l  ferrous  carbonate  is 
greenish-gray,  gradually  deept»ning  in  wlor,  and  the  finished  mass  is 
de<Mdf*<lly  gnH*tj,  but  sliould  not  l.»e  brown,  wdiich  would  indlaite 
oxidation*  \V[»eu  Vallett's  mass  is  allowed  to  stand  lor  some  time, 
even  iu  well-covered  jars,  it  becomes  dry  on  the  surface,  and  assumes 
a  l>la(!kish-gn>en  color.  The  change  extends  to  the  interior  very 
slowly,  being  due  to  the  gradual  t^scape  of  moisture. 

yfass  of  Mercury^  lietter  known  as  Blue  Alass  or  Blue  Pill,  is 
probably  the  most  familiar  of  all  j>i  11- masses*.  In  the  official  tbrmnia 
thirty-throe  jmrts  of  mercury  arts  triturated  with  a  mixtuiv  of  Uiree 
parts  of  glycerin  and  thirty-tour  parts  of  honey -of- rose,  until  extin- 
guished, the  viscid  character  of  the  vehicle  enabling  a  rapid  division 
into  minute  globules.  When  mei*cury  is  no  longer  visible  to  the 
naked  eye,  and  tlie  mixture  has  assumed  a  uniform  brownish-gray 
appeftrance,  live  parts  of  |>owderecl  li  quo  rice- rci<^t  and  twenty- five  parta 
of  powdered  althfea  are  gradually  adde<t  with  constant  trituration, 
until  the  mercury  i»  so  finely  divided  tliat  it  cannot  \ye  detected 
with  a  leni^  of  at  least  ten  diameters  magnifying  power.  Blue  maas 
ooDtains  83  fjer  cent,  of  metallic  mercury,  which  pnibably  undergooa 
slight  sufUTficinl  oxidation  in  the  course  of  time,  but  is  well  prot  ^  1 
by  thi*  other  inirnflii^nts.  Fn  ray  experience  the  mass  will  w  - 
pn»vcd  IT  if  the  amouut  of  glycyrrhirn 
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CHAPTER  XXIX. 

CONFECTIONS  AND  LOZENGES. 

Gonfeotions. 

This  now  almost  obsolete  class  of  medicinal  preparations  still 
finds  recognition  in  the  leading  pharmacopoeias,  although,  in  this 
country,  at  least,  they  are  very  rarely  iisf^l  by  physicians.  At  one 
time  the  incorporation  of  saline  and  vegetable  remedial  agents  with 
honey  or  friiit-pulp  was  a  favorite  mode  of  medication,  such  being 
the  invariable  composition  of  electuaries  or  confections  which  were 
dispensed  in  the  form  of  a  thick  semiflnid  mass.  When  made  with 
honey,  or  witli  the  addition  of  glycerin,  confections  will  retain  their 
original  sofl  condition  for  a  long  time ;  but  if  made  with  irnit-ptdp, 
or  sugar  and  water,  the  moisture  gradually  evaporates  and  the  mass 
becomes  dry  and  hartl.  All  mc^dicinal  ingredients  must  be  added  in 
the  form  of  impalpable  powder,  ajid  heavy  metallic  salts  should 
never  be  employttl,  as  they  are  apt  to  sink  to  the  bottom,  and  thus 
become  separated.  Whenever  essential  oils  are  to  Ix*  incorporated 
in  confections  they  should  first  Ijc  triturated  thoroughly  witb  some 
finely- powdered  sugar;  narcotic  extracts  or  other  potent  remedies 
ahould  be  addetl  in  the  form  of  solution,  so  as  to  insure  their 
uniform  distribution  throughout  the  soft  mass. 

The  U.  S.  Pharmacopoeia  at  present  recognizes  but  two  confeo- 
tioni?,  and  the  German  Pharmacopoeia  one  (Weduarinm  Senner),  while 
the  British  Pharmacopoeia  still  retains  eight — namely ,  confedion  of 
kipis^  opium,  pepper  J  ro9e9,  scammony^  dtnna^  miiphur,  and  turpeniitie. 

The  Official  Confections. 

Oonfeciio  Ro^ce.  This  preparation,  which  at  one  time  was  largely 
used  AS  a  favorite  ejccipient  for  certain  pill  masses,  possesses  little  or 
no  medicinal  virtue.  It  contains  8  per  cent,  of  red  rose  leaves,  which 
are  rubl>ed  with  warm  rose- water  previous  to  the  mixture  with  sugar 
and  honey,  for  the  purpose  of  redudng  the  rose  petals  to  the  condi- 
tion of  a  soft  pulp,  and  thun  replacing  freshly  gathered  rosebuds, 

Ccmfedio  fktincF,  Conftxrtion  of  senna,  sometimes  called  for  under 
the  name  of  lenitive  electuary ,  if  carefully  prejmred,  presents  an 
agreeable  mild  laxative  preparation.  If  the  fig,  tamarind,  prune, 
and  purging  cassia,  finely  bruised,  l)e  tligested  with  the  water,  in  a 
ooTeml  vefiae],  for  three  hours,  on  a  boiling  water4)ath,  and  ocxa- 
■ionally  atirred  with  a  stiff  glass-rod  or  pon^elain  spatula,  there  will 
be  no  neoeeaity  to  rub  the  pulp  through  a  ooarae  hair-sieve  with  the 
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handsi  smm  a  horn  or  porcelain  spatula  will 


answer  as  well,  and  i^ 
surely  mon*  desirable  in  every  way.  After  the  sugar  has  been  dift- 
solvtil  in  the  hut  pulpy  liquid,  the  mi xtui^e  evaporated  to  the  re<|Uinxl 
weight  and  atlowe*!  to  eool  somewhat,  the  senna  and  oil  of  coriander, 
having  previously  been  triturated  with  a  portion  of  the  sugar,  may 
be  incorporated. 

Lozeneres  or  Troches* 

LoseDges  are  solid,  flattened  masses  of  round,  oval,  or  other  desir- 
r||Ue  sha[>e,  not  intended  for  mas^tieation,  hut  to  l>e  dissolved  slowly  in 
ttie  mouth,  therefore,  not  adapteil  for  medicines  which  areexpei*ted  to 
undergo  disiot^ration  in  the  stomach  prior  to  any  therapeutic  action. 
In  one  or  two  eases  the  cylindrical  form  is  preferred,  as  for  the  well- 
known  liquorice  lozenges  and  Wistar^s cough  lozenges.  Tiie  nniedial 
action  of  lozenges  is  generally  designed  to  be  piu^ely  h>cal,  either  as  an 
expectorant,  demulcent,  stimulant,  setlative,  astringent,  or  antiseptic. 

The  usual  base  or  vehicle  for  lozenges  is  sugar  (that  known 
among  eonfetrtioners  as  lozenge  sugar    being   preferred),  although 

[iowdered  extract  of  liquorice  is  also  added  at  times,  and,  of  late  years, 
ruit  i>aste,  made  from  black  or  red  currants,  has  l>eeu  advocatetl  for 
certain  kinds  of  lozenges.  Adhesiveness  is  obtained  by  the  addition 
of  tragacanth  or  acacia,  and  syrup  or  water  (plain  or  aromatic)  is  used 
to  supply  tlie  necessary  moisture.  All  meilicinal  constituents,  as 
well  as  the  sugar  or  extract  of  liquorice,  should  be  in  very  fine 
powder  to  insui-e  a  smooth  paste,  and  potent  remotlies,  whenn^er 
possible,  should  be  added  either  in  the  form  of  solutitm  or  triturated 
with  a  small  quantity  of  sugar  before  being  inixHl  with  the  other 
ingredients,  so  as  to  insure  uniform  diatribution.  Ti"agacantb  is 
preferable  to  acacia  for  making  a  lojsenge  mass,  as  the  rasulting 
paste  ia  more  tenacious;  in  both  cases  the  mucilage  is  to  be  pre- 
rerred  to  the  powder  with  the  subsequent  addition  of  water,  aa,  in 
the  latter  case,  it  is  often  difficult  to  avoid  an  exceas  of  moisture, 
which  retards  subsequent  drying.  LoaBenge-nmases  are  made  at\er  the 
manner  of  pill>ma»e0|  except  that  more  adhesive  material  is  ttaed, 
and  the  [»astc  is  made  somewhat  softer.  The  proportion  of  }>owdGred 
tragacauth  necessary  for  a  well-made  ptit^ic  mass  may  vary  from  1 
to  3  per  ct*nt.  of  the  total  weight  of  the  mixed  powders  (acacia  about 
thn'fi  or  four  times  as  mudij ;  and,  in  making  the  mass,  the  neoe»> 
Mrv  witter  or  i^yrup  shoukl  Ik*  addmi  cautiously,  ami  the  mixture 
well  kn^wliil  after  each  addition,  st>  as  to  avoid  too  soft  a  condition, 
which  rnidily  cKV'urs  on  af'count  of  the  grmt  st>lubility  of  the  aupir 
A  good  plan  \n  to  follow  the  suggestion  of  Hager,  to  reserve  abont 
ooe^fth  of  the  powder,  »r»d,  when  the  remaining  four-fifths  have 
been  mwd«*  into  a  plastic  luat^is,  tjuickly  incorjKjrate  the  reserve  por- 
tion, which  cim  \w  ilone  without  risk  of  the  mass  l)econiing  diy 
or  crtunlily.  For  mn>*8ing  snmll  quantities  of  material  a  Wedgewood 
mortar  and  jK^^tlt*  will  In*  found  quite  convenient,  while  for  lai^ 
quantitiaf  the  {lill-maiM  mixers  shown  t>n  page  31Q  are  preferable. 
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After  a  suitable  massi  has  been  made  it  is  transferred  to  a  hard- 
boaid  or  a  stone  slab,  roiled  out  into  either  a  flat  sheet  or  a 
cvlinder,  and  ilivided  into  the  reiiuisite  number  of  parta.  When 
evlindrittil  lozenges  are  to  be  made,  the  mass  is  rolled  oat  without 
Ousting  and  divided  into  pieces  alxiut  five-eighths  of  an  inch  in 
length,  by  means  of  a  special  cutter.  In  order  to  prevent  the  mass 
from  adhering,  the  flat  roller  may  be  lightly  rubbed  with  a  very 
small  quantity  of  oil  of  sweet  almond.  For  flat  lozenges  the  mass 
is  con%'eniently  rolled  out  into  a  sheet,  the  required  tliickness  of 
which  must  be  ascertained  by  experiment ;  this  is  done  by  dividing 
the  weight  of  the  whole  mass  by  the  numl>er  of  lozenges  to  be  made, 
then  weighing  off  as  many  grains  of  the  mass  as  csorrespond  to  the 
quotient  obtained,  and  forming  this  into  a  lozenge  by  means  of  a 
punch  or  spatula.     As  every  well-made  lozenge-board  is  provided 

FlO.  225. 


Sboivtllg  tbe  monuer  of  roiling  uut  Uio  ] 

with  guides  and  screws  for  regulating  ditTerent  thieknesseSj  no  diffi- 
culty will  be  experienced  in  adjusting  the  side  strips  to  the  proper 
height*  and  then  rolling  out  the  mass  by  means  of  a  c-yliudrical 
roller,  as  shown  in  Fig.  225.  To  prevent  adhesion  of  the  mass,  the 
board  may  be  dusted  with  a  little  alarcTh  or  a  mixture  of  starch  and 
sugar. 

The  lozengo-boanl  lately  designed  by  Wallace  Procter  is  very 
tweful  and  simple  in  «-onst ruction,  as  shown  in  Fig.  226.  A  is  a 
board  of  wellscasoue<l  hani  wood,  1^  inches  thick,  10  inches  wide, 
and  14  inches  longj  planed  perfectly  flat^  and  l>oth  sides  and  ends  made 
square  and  true.  At  each  side,  alxuit  'i  inches  from  one  end,  a  plate 
is  let  in  flush  »nd  tappin]  mi\\  ix  stTcw^  as  sbowu  in  B.  On  each 
side  of  tlie  iKianl  a  plate  of  brass,  1  J  inches  wide,  14  inches  long, 
and  j^j  of  an  inch  thick,  is  Httnl.     Kach  plate  ha*^  two  ^h*ts  crossing 
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it  diagonally  (see  C)  f  of  an  inch  from  each  edge;  these  slots  must 
have  exactly  the  same  slope,  and  the  front  slot  should  be  ruled  to 


Fio.  226. 


i 


n 


1 


Procter's  locenge-board. 


divisions  of  ^  of  an  inch.      Through  one  slot  of  each  plate  a 
square-shouldei^  screw  passes,  and  is  screwed  in  until  it  presses  the 


Fio.  227. 


HarriaoD's  loienge-bo*nl. 


plate  close  to  the  side  of  the  board,  but  still   permits   it  to  move 
easily ;  through  the  other  slot  in  each  plate  passes  a  sot  screw,  which 
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enters  the  screw-plate  More  meutioned,  Wfien  the  plates  have 
beeu  adjusted  to  a  given  height  the  set  screws  ai*e  turned  until  they 
prevent  motion  of  the  plate« 

Harrison's  lozenge-board  (see  Fig.  227),  which  has  been  known 
for  some  years,  consists  of  two  frames  of  wood,  of  which  one  moves 


Pro.  238, 


Uarrlicm's  loaenge-boaitl  (secttonal  flew). 


forward  and  backward  inside  of  the  other  in  grooves  cut  into  the 
outer  frame ;  the  board  on  which  the  mass  is  rolled  rests  firmly  on 
the  iouer  frame,  and  bm  listened  to  its  bottom  two  bevelled  strips 
correspond incf  to  similar  strijis  attneheil  to  the  frame.     By  means  of 


Fia,  230. 


Fio«  3S1, 


Fig.  22). 


I  tin  loMOfeHSUsier. 


Tin 


LCMBQl^-pttllAll  With 


BW  the  inner  frame  can  be  pushed  fi^rwarfl,  andjihe  board  thus 
fbree^l  uj>wanl  (see  Fig.  228).  As  the  bevcN  give  flof  an  inch  riise, 
for  which  tifteen  complete  revolutions  of  the  screw  are  required^  each 
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lialf-tnni  of  tJie  sorew  vnW  cause  a  rise  of  ^  of  an  inch ;  in  this  way 
aoy  required  thick nesj?  of  the  raass  cao  be  obtaine*!.  The  outer  frame 
is  8tatioimry,  the  sides  projecting  J  of  an  ineli  above  the  end«,  and 
8ervinpf  as  a  support  for  the  rolling-pin,  which  is  also  provided  with 
a  flange  at  each  end  to  keep  it  in  proper  position.  Wliile  the  rolling- 
pins  are  usually  made  of  wood,  steel  or  glass  rollers  may  also  be 
used,  tlie  former  Ijein^  ]»arlicularly  desirable  when  heat  is  to  bo 
employed. 

The  punches  used  for  euttiog  lozenges  are  usually  in  the  form  of 
tapering  cylinders  made  of  heavy  tinned-iron,  ana  fre<]iieutly  pro- 
vided with  sharp  rntters  of  hardened  steel,  the  shape  of  which  varies 
with  the  fancy  of  the  operator ;  sometimes  they  are  made  with  straight 
sides  and  fitted  with  a  plunger,  ojierated  by  a  sj>ring,  for  the  ready 
expulsion  of  the  lozenges.  Figs,  229,  230,  231  repi^esent  some  of 
the  usual  styles.  In  large  manufacturing  establishments  ten  or 
twelve  cutters  are  frequently  combined  and  operated  as  one,  greatljr 
expediting  the  work.  Whenever  it  is  desired  to  stamp  lozeoges 
with  some  special  letter  or  design,  this  is  done  at  the  time  of  cuttlllg 
them,  the  plunger  Wing  providtxl  with  the  necessary  die. 

As  the  preparation  of  lozenges  has  almost  entirely  passed  out  of 
the  bands  of  the  retail  pharmacist,  very  lew  stores  are  now  provided 
with  suitable  appliances  for  making  them.     When  a  small  number 

no.  2S2. 


Pig.  ! 


Have  for  lcNsenc«  ftppamttUk. 


Umngt  tpfiftmitii^ 


of  lozengtt^  is  wanted  extempumneously,  a  stiff  mass  shotdd  be  mode 
in  order  to  facilitate  aulKiequeut  drying;  it  may  then  be  rolled  otit 
a  pflbmnchtne  or  pill  tile,  to  l^e  cut  into  the  requisite  number  of 
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[partfl,  each  of  which  should  be  given  a  globular  shai*e  and  then  flatr 
tened  into  a  suitable  disk,  for  which  purpose  the  simple  appamtus 
shown  ID  Fig,  232  will  be  found  very  eonveDieot.     This  consists  of 
a  brasB  or  steel  tube,  about  2  or  3  fnche8  long,  ^  to  ^  of  an  inch  in 
dkmeler,  and  of  |  or  ^  of  an  inch  thickness ;  the  bore  of  the  tube 
^must  be  uniform  and  smooth  and   the  ends  square,  otherwise  the 
^lozenges  will  present  an  irregidar  appearance,     A  plunger  accur- 
ately fitting  the  tube,  preferably  made  of  the  s?ame  metal,  is  neces- 
sary ;  it  should  Ije  of  the  same  Icnglb  as  the  tube,  aud  provided  with 
a  top  alxiut  an  inch  long,  exactly  covering  the  outside  diameter  of 
the  tul>e.     It  is  desirable  that  botfi  parts  be  niekel-plated.    To  shape 
the  lozenges  properly,  the  globular  mass,  slightly  dusted  with  starch 
and  sugar  or  lycopodium,  is  placed  in  the  cylinder  resting  upon  a 
metallic  base,  which  consists  of  a   nickel-plated  piet^  of  steel  or 
[brass,  about  2  inches  square  and   ^  inch   thick,  set  in  a  block  of 
[hard  wood  (see  Fig,  283);  the  plunger  having  l>een  inserted,  it  is 
'  struck  a  aniek,  sharp  blow  with  a  mallet,  after  which  the  cylinder  is 
raised  ana  the  lozenge  ex|»elleil  by  slightly  tapping  the  plunger  with 
the  nxallet.     The  apparatus  shown  on  page  346,  Fig.  234,  may  also 
be  employed   for  shaping  lozengei^,  allhough  it  is  inferior  to  the 
above  for  compressing  masses,  owing  to  the  projection  of  the  base 
into  the  cylinder. 

Gelatin  lozenges,  variously  medicate*J,  have  l>een  in  use  for  some 

'time,  more  particularly  in  Europe.    They  are  composed  of  a  mixture 

of  gelatin,  glycerin,  and  water,  holding  the  mcuicinal   ingredients 

either  in  solution  or  simple  admixture.     Gelatin  lozenges  must  l>e 

made  with  the  aid  of  heat,  and   poured,  in  a  melted  condition,  into 

[Suitable  moulds;  they  rapidly  congeal.     The  base  is  often  ternitnl 

Fglyco-gelatin»  and  is  made  by  macerating  gelatin  with  water,  on  a 

water-bath,  and  tlien  adding  glycerin  ;  two  kinds,  containing  different 

proportions  of  gelatin  and  glycerin,  are  in  use,/A  mixture  of  gelatin, 

1  ounce;  orange-flower  water,  2J  ounces;  and  glycerin,  2 J  oun(«8 

(by  weight),  Wdds  the  softer  variety,  winch  is  very  readily  soluble 

in  the  mouth  jjl^hereas  a  mixture  of  gelatin,  5  ounces ;  orange-flower 

water,  6  ouncef;  and  glycerin,  6  ounces  (by  weight),  evajxirated  to  15 

oun<*es,  pnxluces  a  mucli  firmer  mass,  dissolving  more  slowly,  but 

1>robably  better  adapted  for  slock  lozenges  in  this  latitude)  in  the 
atter  case  at  least  twelve  hours'  maceration  should   l>e  given  the 
[gelatin  and  water  before  adding  the  glycerin  and  applying  heat 

Gelatin  lozenges,  while  admirably  adaptetl  for  the  exhibition  of 
siif*h  (tfili«tanc(*s  as  cocaine,  boric  acid,  carbolic  acid,  etc ,  are  totally 
r  ^  for  tannin,  extract  of  rhatany,  and  other  agents  inoom* 

I  vith  gelatin. 

Lo3w*ng<^  intrndrnl  for  immediate  use  do  not  recpnre  much  drying, 

but  those  intended  for  sttn-k  must  l>e  thoroughly  dried  before  they 

are  put  away  in  glass  containers,  otherwise*  tliey  are  liable  to  soften 

.and  adberi%  and  may  even  l»eix)mc  mouldy.      The  drying  is  b^t 

l^flectinl  on  iRTforattnl  tmys,  in  a  moderately  warm  room.     To  avoid 
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cracking  of  the  edges,  which  will  sometimes  occur  when  lozenges  are 
dried,  the  addition  of  a  small  quantity  of  glycerin  to  the  water  used 
will  be  found  advantageous,  and  does  not  interfere  with  proper 
desiccation. 

The  average  weight  of  lozenges  is  between  10  and  20  grains, 
although  in  the  fifleen  working  formulas  of  the  Pharmaco^xBia  the 
weight  is  found  to  vary  between  0.42  and  1.59  Gm.  (6J  and  24 
grains). 

The  following  is  a  list  of  the  official  lozenges,  showing  the  com])o- 
sition  and  excipient  used : 


Name. 

Trochifld: 
Acidi  Tannici 


Ammonii 
Chloridi 


Catecha   . 


Cretae. 


Cabebp 


Ferri  . 


Table  op  Official  Lozenges. 

CompoiitioD  of  Mch  Lozenge. 

r  Tannic  Acid     .                .  0.060  Gm. 

\  Sugar       ....  0.(J60  " 

I  Tragacanth               .        .  0.020  " 

(Ammonium  Chloride       .  0100  Gm. 

Extract  of  Glycyrrhiza  .  0  250  " 

Tragacanth       .        .        .  0.020  " 

Sugar       ....  0.500  " 

.  0.060  Gm. 

.  0.650  " 

.  0.020  " 

.  0.250  Gm. 

.  0.070  " 

.  0.030  Cc- 

.  0.400  Gm 


{Catechu    . 
Sugar 
Tragacanth 

(Prepared  Chalk 
Acacia 
Spirit  of  Nutmeg 
Sugar 


( )leore8in  of  Cubeb  . 
Oil  of  SasBafras 
Extract  of  ( rlycyrrhiza 
Acacia 


0.040  Gm. 

0.010  Cc 

0.250  Gm. 

0.120  " 


Ferric  Ilvdroxide  (dried)     0.3(X)    Gm. 
Vanilla  '.        .        .        .    0.010       " 
Sugar       .  .        .     1.000      " 


Glvcvrrhiztu  et 
Opii     .     .     . 


IpecacuiinliR^ 


Kramcriie 


Menthie 

Piperit4e   .     . 

Morphiniv  vt 
Ipccacuunhie 


Eicipient. 


I  Stronger  Orange 
I       Flower  Water. 


Irv 


|-  Syrup  of  Tolu. 

{Stronger  Orange 
Flower  Water. 

■  Water. 

-  Synip  of  Tolu. 

)  Mucilage  of 
Tragacanth. 


Extnict  of  Glvcvrrhiza  .  0.150  Gm.   ^ 

Powdered  Opium     .  .  0.005  "       | 

Acacia      ....  0.120 

Sugar                         .  .  0.200  " 

L  Oil  of  Anise     .        .  .  0.002  Cc. 

{Powdered  Ti>ocac  .  0.020  Gm. 

Tragacanth  .  0.020  " 

Sugar       .                 .  .  0.650  " 


"       1"  Water. 

I 


Syrup  of  Orange. 


{Extract  of  Krameria 
Sugar 
Tragacanth 

(  Oil  of  Pep|)ermint 
\  Sugar 

I  Morphine  Sulphate . 
J   Powdered  Ipecac 


Sugar 

Oil  of  ( taultheria 


0.0r><)  (im. 
0.650       " 
0.020       " 

0.010  Cc 

0.800  <;m. 

0.0016  Gm. 
0.005       " 
O.tlV)       " 

0.002  Cc. 


[Stronger  Orange 
Flower  Water. 

)    Mucilage  of 
{      Trajracanth. 


Mucilage  of 
Tragacanth. 
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Name 


PotaBsii 


Santonin  . 


Compoeitlon  of  each  Loxenge. 


I  Sugar 
Chloratis .     .  1 


f  Potaflsiam  Chlorate 


Tra^^acanth 
[  Spirit  of  Lemon 


{Santonin  . 
Sugar 
Tragacanth 


g,..  (  Sodium  Bicarbonate 

Bio«rbonat»4|X.g   : 


Zingiberis 


Gm. 


0.300 

1.200  " 

O.OtK)  " 

0.010  Cc 


Excipient. 


Water. 


??M    ^*™'   1  Stronger  Orange 
^•^^  I      Flower  Water. 


0.030 

0.200 
0.600 
0.010 


{Tincture  of  Ginger  .        .0.200 
Tragacanth  .    0.040 

Sugar       ....     1.300 


Gm. 


Gm. 


Mucilage  of 
Tragacanth. 


'r} 


Syrup  of  Ginger. 


CHAPTER    XXX, 

COMPRESSED  TABLETS  AND  TABLET  TRITURATES. 
Compreseed  Tablets, 

This  elaas  of  remedie?,  closely  allied  to  lozenges,  was  introducH*d 
iilimit  fifty  years  ago  iu  England,  and  afterward  in  this  country, 
under  the  name  **  c«3inpresfie<l  pills/*  Tfie  name,  however,  is  erro- 
neotisly  applied^  as  pills  are  understood  to  be  made  from  a  previously 
prepaml  plastic  nill-mass.  Compressed  tablets  have  of  late  years 
grown  greatly  in  favor  with  physicians,  but  it  is  questionable  whether 
this  form  of  admiuij^tering  me<lieint*8  is  as  universally  desirable  aa 
iome  nmnufartiirers  would  claim  ;  while,  in  some  cases,  tablets  appear 
inare€f>nv«mient  than  pills  and  powders,  it  would  seem  as  thot^n  the 
prompt  action  of  certain  rem«?dies  must  be  considerably  impaired  by 
nrni  eorapres^sion.  They  are  lenticular*sha|K*d  disks,  containing  one 
or  more  medicinal  ingredients,  obUiineii  by  compressing  the  sub- 
stance, in  the  form  of  a  granular  powder,  into  suitahle  shape,  by 
means  of  hand-  or  steam-power,  in  s|K»cially  constructed  appvratus. 

The  twmfiosition  of  all  compressed  tablets  sliould  be  such  that  they 
will  reailtly  undergo  disintegration  and  solution  in  the  stomach,  bence 
they  should  be  made  with  as  little  adhesive  excipient  as  jxissible;  like 
pills,  tliey  are  intended  to  be  swallowed  without  previous  mastication. 
XV'hen  several  metlidnal  agents  are  tu  Ije  simultaneously  exhibited  in 
tall  let- form  it  is  es^ntial^  as  in  the  case  of  lozengen  and  pill-maaseB, 
that  they  Yie  reduced  to  very  fine  powder,  in  order  to  insure  a  uniform 
ooropositiou  of  the  mixture,  whien  is  6ul>seqnently  brought  to  a  gran* 
ular  condition  by  moistening  with  a  suitable  excipient  and  pressing 
the  damp  mass  through  a  sieve  of  16  or  20  meshes  to  the  lini*!ar 
inch  ;  the  granuK*s»  still  damp,  must  l>e  thoroughly  drictl  iM^fore  they 
are  coaipresse<l,  uthcrwi^  they  will  adhere  to  the  ^idcs  of  the  moulds. 
In  a  few  cases,  when  the  substance  to  lx»  compressed  pfissesses  no  in- 
herent adhesive  pro|)ertics,  «lilute  syrup  is  employe*!  as  an  excipient, 
or  a  alight  aildition  of  fiucly-powdered  sugar  is  made,  and  mx'asioa- 
ally,  although  rarely,  finr-  ItTiiJ  acsicia  is  ndd*il  in  the  pro[K»r* 

tion  of  3  or  5  per  c**nt.  oi  il  weight  of  the  powdere*!  substant^e. 

As  a  rule,  watcr^  various  rnixtiin'S  of  uhndiol  an*!  water,  or  )K)s«ibly 
a  mixture  of  i/Ivinrin  jitnl  \v;ih  r.  ur  of  L^ltnu<«}  and  water,  are  em- 
ployed  a*  cs 

Many  «ul^-nirr>  n*.  nMt  n  ijuim  iiiiv  i\i  ijifi  ui  ill  all,  and  can  either 
be  Uiughl  in  tlj«  require*!  granular  iv>ndition  or  be  easily  reduced  by 
grindiDg  in  a  mortar  or  mill;  V*  thiA  rla^^  V>elong  potaaaiam  chlorate. 
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the  alkali  iodides,  bromidos,  and  oblorkles,  quiDine  bisulphate,  etc. 
Fine  powders  are  never  adapted  for  compres^^^ioo,  since  the  air  which 
they  carry  with  thera  when  fed  into  the  mould  is  confined  in  the 
small  intersticeg  lietween  the  particles,  and  cannot  escape  upward  or 
IdowDwanl;    henc^  imfM-rfect  compression   results;    moreover,    fine 

ewders  often  have  a  tendency  to  cake,  when  they  cannot  be  properly 
1  into  the  moulds. 

While  some  suhstances  can  be  compressed  quite  readily,  others 
present  some  difficulty,  and,  in  fact,  each  substance  or  combination  of 
[eubstancc^  requires  special  study  and  treatment.  No  rule  niu  be  laid 
down  a«  to  the  Uf^e  of  cxcipients,  and  cx|K'rieurf,»  alone  will  prove  the 
0|>crators  l»est  teacher.  Charcoal  and  i»ul>stanoe!^  of  a  similar  non- 
cohesive  or  spongy  character  re^juire  the  addition  of  about  5  per 
cent,  of  |K)wdereii  acacia,  and  mu^it  be  well  moistened  with  a  mixture 
of  glucose  and  water  Ijefore  they  can  he  properly  granulated  ;  for  such 
sulistances  it  is  ako  preferable  to  use  a  No,  12  sieve  for  granulation. 
Some  authorities  recommeml  the  addition  of  25  per  cent  of  sugar  in 
place  of  at^cia;  but,  although  this  combination  wcmld  yield  a  more 
soluble  tablft,  it  has  been  found  unsatisfactory  in  practice.  SuIh 
inces  very  sparingly  soluble  in  water,  such  as  phenacxtrn,  ac^*tauilid, 
ealol,  sulphonal,  etc.,  are  improved  by  the  addition  of  a  little  starch, 
and  alixihul  will  serve  well  to  form  the  mass  for  granulations. 

If  tablets,  upon  rtt)lution,  are  designeti  to  yield  efTervasccnt  draughts, 
they  may  lie  made  by  first  preparing  the  corresponding  granular  effer- 
vescent salts  (see  page  3G6)  and  compressing  these,  or  the  ingrtxlicnts 
upon  which  the  effervcjscence  depends  may  \w.  granulated  sc|>arately 
(preferably  in  granules  of  the  same  size)  and  then  mixeil  thoroughly 
just  before  cwnpression.  Thus,  if  effervescent  tablets  of  lithium 
citrate  or  earlnjuate  arc  wantcil,  the  lithium  salt  could  Ik?  gninulated 
with  the  sodium  bicarbonate  and  a  little  sugar,  while  the  tartaric  acid 
and  the  remainder  of  the  sugar  sliould  be  mixed  and  scftarately 
granulated  with  alcohol ;  when  l)otli  granules  are  perfectly  dry  they 
may  l>e  mixed  and  compressed.  All  effervescent  tablets  must  be 
carefully  protected  against  moisture,  in  air-tight  bottles. 

Whenever  tinctures  or  fluid  extracts  are  to  l>e  adminif^tered  in 
cimiprt^sjicd  tablet  form  thry  are  pi^etcnibly  evapt>ratt*tl  with  m«Hlerate 
heal,  on  a  water-l^ath,  to  a  ttyrupy  cKHHisten*^,  l>ofore  they  are  mixed 
witJi  the  other  ingreilieuts  j  if  no  diluent  powder  has  been  prescritjed, 
the  syrupy  liquid  must  be  incorporatetl  with  a  mixture  of  finely- 
powdered  starch  and  sugar,  for  the  purpose  of  granulation.  Solid 
extrarts  may  be  vm^  either  in  the  ftiriu  of  very  fine  powder  or  siiftened 
with  a  little  alcohol,  diluteil  alcohol,  or  w^ater,  as  the  «ise  may  be, 
then  incorporatetl  witl»  the  vehicle  and  granulateil  in  the  same 
manner  as  the  svrupy  liquids  above  mentioned. 

The  preparation  of  comprt^sscd  tablets  in  small  quantities  may  be 
conveniently  accomplished  at  the  dispensing-counter,  and  various 
combinations    readily    furnishixl    on    extemporancori«    pr*>  ns. 

The  fiuely-jKiwderctl  ingriHlients,  having  be<_'n  intimately  jn  .d 
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properly  dampened,  may  be  quickly  pai?8<?d  throng fi  a  Xo,  20  or  No* 
80  sieve,  afid  tJie  granules  rapidly  dried  by  mtiiting  them  on  a  «hcct 
of  sm*njth  paper  placed  in  a  sieve  or  oti  a  |>eH'i>niie*I  tray  over  a 
stove  or  oilier  heated  surface;  as  8<:)0ii  as  dry  the  graiiides  whotild  be 

weighed  and  divided   into  tlie  iTipji^ite 
number  of  partji;,  vvliieli    will    then    be 

treatly  for  e«>rapressioii. 
Diffirent  styles  of  compressors  have 
lHX*n  di^signed  at  various  times  to  suit  the 
purpoi^.s  of  dispensing  pliarmaeists.  (See 
Figs.  234,  236,  and  23B.)  They  are  all 
fed  on  the  same  priodple,  and  tlie  mode 
of  oprating  them  ditfera  but  wlightly. 
Theeylinder,  base,  and  piston  are  usually 
made  of  liardened  steel,  nickel-plated ; 
the  base,  which  is  made  to  project  some- 
what into  the  cylinder,  as  shown  in  Fig. 
234,  having  been  adjuste<I,  the  granular 
substance  is  carefully  fed  into  the  cylinder 
frt>ni  a  pietje  of  stiff  pa[>er,  tfie  piston  ia 
inserted  over  the  granules,  and  t-ompres- 
siou  eirected  either  by  a  sharp  bhnv  from 
a  wo(Klen  mallet,  or  by  means  of  a  levcr^ 
as  shown  in  Figs.  235  and  236.  When 
the  tablet  has  Imx^u  e<»mpressed  it  ean  be 
re  III  o  ved  I  >y  I  i  0  i  n  g  t  h  e  cy  Under  fro  m  I  he 
liase,  the  tablet  adhering  to  the  t^nrave 
Simple  motild  tor  c.7ttipr«a«lubtet*.  ^^^''  <^f  ^^^^  pistou,  and  gently  tapping 

the  piston  with  the  mallet  or  lever,  which 
expek  the  tablet*  The  Smedlev  eoranreasor  (Fig.  235)  is  provided 
with  a  small  receptacle,  over  which  the  cylinder  and  [linton  can  be 
placed  and  the  tablets  diacharged  directly  into  it. 

Fio.  2Bft. 


TlifSm^lley  pili-t'OmprCiiiOr* 


The  gn  to  I  tiH'  jin-ssun*  uppli«ii,  the  firmer  will  Im*  the  fH>mpre§* 
iioo,  butf  at  the  Mime  limr^  the  slower  will  1h'  the  diHiritegniticm  of 
•oma  compreii'<»d  tabhts ;  henw  only  suflicieut  prt^Hurt*  should  be 
Qseci  to  c^use  the  partifjes  to  ooliere  pro{>erly  without  crumbling 
when  bundled  or  bmtkiug  if  allowed  tji  falL 


fAliLETS  ASJf  TABLET  THITVBATES.      347 


Some  substances  show  a  disposition  to  stick  in  the  mould,  and  are 
then  removed  with  difficulty.  This  tendency  can  be  overcome  by  the 
addition  of  a  small  quantity  of  purirtetl  talcum  and  a  few  dro|>s  of 
liquid  petrolatum,  wliieh  latter  may  be  applied  by  spraying  a  solu- 
tion of  it  in  ether  on  the  granules.  By  thus  lubricating  the  surfaces 
of  the  mould  the  tablet  is  retulily  discharged*  In  a  few  cases  plain 
water  has  been  found  very  serviceable^  provided  no  solvent  effet't  is 
protluced  on  the  substance  to  be  eoni[>i\'ssed,  as,  for  instance,  with 
phenacetin,  salol,  naplithaleue,  etc.  If,  at  any  time^  a  compressed 
tablet  should  become  lixe<l  in  the 
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cylinder  or  in  tlie  concave  depres- 
sion of  the  piston,  or  possibly,  if 
fine  powder  having  Impcq  inad- 
vertently used>  some  of  it  should 
have  lieeu  forced  between  the 
piston  and  the  sides  of  the  cyl* 
inder,  and  thus  fastene<l  liave  the 

Eiston,  warm  water  alone  should 
e  used  to  relieve  the  trouble ;  but 
never  should  a  sharp  instrument 
be  employed  to  lot»seu  the  adher- 
ing material,  as  this  would  be 
likely  tii  produce  rough  surfaces 
or  edges,  thereby  rendering  the 
compressor  unfit  for  use*. 

For  manufacturing  ixirapre^cd 
tablets  on  a  large  scale,  s|x?cia] 
machinery  has  l)ecn  constructed 

to  be  o[>cratcd  by  hand*  or  steam-  whiuiri  ctimpre^ea  ubu-t  macbine. 

power.    These  machines  can  be  so 

adjusted  that  a  definite  quantity  of  material  will  be  automatically 
fed  into  the  mould  ;  therefore,  as  the  pre^^sure  applied  is  uniforni| 
the  resulting  tablets  must  be  of  even  weight  and  thickness*  Of 
the  various  machines  made^  the  Oriole  Tablet  Compn^sor  (Figs. 
237  and  238)  possesses  some  advantages  which  adapt  it  also  for 
smaller  o|)enitions,  such  as  the  manutatture  of  50  or  100  one- 
or  two-grain  tal)lct8,  witliout  tl>e  loss  of  material.  The  improve- 
ment cHinsists  in  a  peculiarly-constructed  feeder,  the  sha\ie  of  which 
tends  to  keep  the  material  «>nstanily  at  the  outlet,  heno?  every  par- 
ticle of  it  will  Ije  discharged  into  the  mould  ;  to  prevent  any  cliange 
in  the  character  of  the  mixture  to  be  oompreisod,  an  ingenious  stirrer 
within  the  feeder  keeps  the  material  in  constant  motion  toward  the 
outlet. 

In  the  **  Oriole,**  as  in  all  automatic  tablet  machines^  the  adjust- 
ment of  the  supply  of  material  must  be  made  tentatively ;  the  die 
or  chamlier^  in  which  the  granules  are  compressed,  is  situated  Mow 
the  plate,  its  (Opacity  Jjoing  adjustc<l  by  mnms  of  a  ntcw  which  con- 
trols the  depth  to  which  the  lower  punch  shall  b;  allowixl  to  *lrop  iu 
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the  die.  Having  adjufitetl  tlie  die  approximately,  the  granulated  ma- 
terial is  alloweil  to  be  fed  into  it  by  the  hopj^er  and  compressed  by 
means  of  the  upper  piiurh  situated  above  tlie  plate  and  operated  by 
the  large  wheel  on  the  side;  the  resulting  tablet  is  then  weighed,  and, 
if  necessar}%  the  capaoity  of  the  die  is  increaseil  or  diminished,  as  the 
weight  of  the  first  tablet  may  indicate.  The  pressure  to  be  exertetl 
upon  the  tablet  is  regulated  by  njeaiiB  of  a  long  screw  running  per- 
pendicularly through  the  npjier  plunger  and  Inuring  upon  the  upj>er 
punrh.  The  projier  adjui^tment  having  Ix^n  made,  the  feeder  can 
supply  only  as  mucli  material  as  the  die  will  holil,  hence  the  automatic 
supply  must  be  uniform  and  exact.  All  automatic  tablet  machines 
are  so  conytrueted  that  each  tablet  as  fast  as  compressed  is  pushed 
from  the  mould  into  a  receptacle  suitably  |»rovidea  ;  in  the  "Oriole** 
machine*  this  is  done  by  the  hopper  as  it  a<lvances  to  feed  the  die. 

The  dies  and  punches  of  all  compressors  can  lie  had  of  differeot 
sijsesi  from  ^^y  to  ^  inch  or  more  in  diameter,  to  accommodate  tablets 
of  various  weights  ranging  from  h  to  30  or  40  grains  ;  they  should  l>e 
perfectly  true  and  highly  polisheil,  and  must  be  kept  scrupulously 
clean  and  dry.  If  not  nickebplated,  they  should  be  coatt^  with  a 
little  petrolatum,  when  not  in  use,  to  prevent  rusting. 

Tablet  Ti:iturat©B. 

This  class  of  preparations  was  introduced,  in  1878,  by  Dr.  R.  M* 
Fuller,  of  New  York,  no  doulit,  with  a  view*  of  administering  small 
quantities  of  potent  remedies  in  convenicntt  palatable,  and  readilv- 
soluble  form.  8ini*e  then  some  manufacturing  firms  have  made 
strong  efforts  to  intluf^e  physicians  to  resort  to  this  method  of  me<li- 
cation  for  tfie  purposes  of  office  <lis|)ensing.  That  the  growth  of 
homcpof^athic  patronage  has  largely  aided  the  introduction  and  use  of 
tablet  triturates  cannot  l)e  denied. 

Tablet  triturates  are  made  l)y  triturating  the  active  ingredient  with 
either  plain  sugar  of  milk  or  a  mixture  of  sugar  of  milk  and  ordinary 
or  ciine-sugar  (usually  iu  the  proportion  of  4  or  6  parts  of  the  former 
to  I  part  of  the  latter),  and  then  forming  the  mixed  jiowders  into  a 
paste  with  alc»ohot,  alcohol  arid  water,  akxihol  and  syrup,  or  water 
alone,  whicli  paste  is  pressed  into  tablets  in  appropriate  moulds. 
The  tHunposition  of  the  liquid  excipient  to  be  employ«<l  will  vary 
greatly  according  to  the  diluent  need,  the  nature  of  the  medicinal 
mgredients  operated  upon,  and  also  the  quantity  to  be  present  in  each 
tablet,  the  aim  being  to  pnxluce  a  partial  softness  in  the  mixture 
which  ivill  enable  the  particles  to  adhere  together  in  the  form  of  a 
firm,  pasty  ma^^s.  When  simply  milk-sugar  is  used  as  a  diluent, 
water  alone  will  answer  a^  the  excipient  in  most  case0^  but  when  a 
mixture  of  milk*sugar  and  cane-sugar  is  used,  a  strongly  alcoholic 
liquid  excipient  is  ne<H*ssary,  on  a<tx)unt  of  the  ready  solubility  of 
cane-HUgar  m  water.  i\w  projiortioti  of  akx)hol  Itcing  inrrc^as*:**!  as  the 
quantity  of  mnt^sugar  is  augmented.     For  most  ojxTations  at  the 
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(lifijiensiiit;  counter,  where  no  sfjecial  facilities  for  nipid  drying  are  at 
hand,  a  niixtni'e  of  5  parts  of  milk-sugar  and  1  part  of  cane-sugar, 
together  with  an  exclpient  coniposetl  of  15  voluraes  of  alcohol  and  1 
volume  of  water,  will  j>crhaps  prove  most  desirable,  as  the  greater 
volatility  of  the  alcohol  in^iures  more  rapid  drying  of  the  tablets. 

It  is  essential  that  the  sugar  be  in  veiy  fine  jx)wd(T,  in  order  to 
yield  a  Bmonth  paste  and  perfett  tablets;  and,  if  tlie  nurture  b© 
passed  thron^li  a  No.  120  sieve,  lK*fore  niakinjtc  the  pasle,  the  results 
will  be  all  the  better.  A  few  eases  will  mxnjr  in  which  sugar  and 
other  organic  matter  is  inadmissible  as  a  diluent^  owing  to  ehemicul 
changes  likely  to  occur  j  as,  tor  iuhtance,  potassium  permanganate, 
silver  nitrate,  etc. ;  finely  powdeaxi  kaolin,  or  pi|)e-clay,  should  then 
be  used  with  water  as  an  excipient. 

Tinctures  and  fluid  extracts,  unless  strongly  alcoholic,  are  made 
into  tablet  triturates  with  more  or  less  difficulty,  according  to  the 
amount  of  fluid  to  l^e  represented  in  eadi  tablet,  and  may  require 
evB])oration  to  dryness  with  a  jxjrtion  of  the  sugar,  so  as  to  be  sul>- 
sequentlv  reduced  to  fine  powder,  prior  to  converting  into  a  suitable 
paste.  The  presence  of  glycerin,  e8|)ecially  if  in  large  proportion,  is 
objeetionai)le,  since  it  ket*j>s  the  extractive  matter  mh  and  prevents 
proper  drying  of  the  tablets.  In  some  instances  it  will  suffice  to 
concentrate  the  fluid  by  evaporation  and  use  it,  in  place  of  excipient, 
for  moistening  the  mixetl  powders  ;  but  this  plan  can  only  bn  followed 
when  the  pn»jiortion  of  fluid  ordered  i^  small  or  when  it  lias  Ijeen 
made  with  a  strongly  alcoholic  menstruum.  Solid  extracts  can  be 
introduced  only  in  small  pro|K)rtions,  and  may  then  be  incorporated 
as  indicated  under  (H>mpressKl  tablets;  more  tlian  one-fourth  or  one- 
third  of  the  total  weight  of  the  tablet  triturate  is  not  advisable.  In 
fuich  cases,  and  also  in  the  case  of  tablets  to  contain  various  amounts 
of  tinctures  or  fluid  extracts  ma<le  with  hydi*o-alcoholic  menstrua,  a 
mixture  of  milk-sugar  an<l  starch  in  varying  proportions  will  be 
found  the  l)est  diluent.  Substances  of  a  volatile  or  deliquescent 
character,  or  such  as  are  nwlily  oxidised  upon  exposure  to  air,  are 
whollv  unfit  for  tablet  triturates;  hence  camphor,  crecjsote,  calcium 
sulphide,  arsenic  i(»diile  and  bromide,  potassium  citniti%  senile  salts  of 
iron,  phosphorus  and  the  liki*  should  never  be  dispensed  in  this  form. 

Automatic  machineis  for  making  tablet  triturates  have  not  yet  Ixtd 
const ruciitl,  and  the  Mppanilus  genenilly  use<l,  whether  for  small 
quantitit^  at  the  di^i^iensing  etmnter  or  in  the  manufacture  of  Ufn^  of 
thousiuids  in  the  laljcjmtory,  <'onsists  of  two  plates,  as  shown  in  Fig. 
23 W.  The  plaU-s,  although  sometimes  construct*'d  of  metal,  ar© 
prt*fembly  made  of  hanl  rublMT,  the  up}>er  one  l»eing  pert-  ihI 

the  lower  nrovidwl   with  a  corn^jMUuiing  number  of  pv  'h 

fit  Awninitely  into  the  |)erforations  of  the  ui)|)er  plate.  In  order  to 
injure  the  exact  (Kisition  of  the  \w^  when  the  upper  plate  is  broughl 
down  over  them,  two  guide-pins  are  fastened  to  the  lower  plate,  one 
Dfar  earh  aide  ;  these  extend  above  the  pegs  and  enter  two  corre* 
f|KMuliDg  liol^  in  the  u|>()er  plate.     As  a  rule,  the  plate  moulds  are 
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aade  to  prepare  60  or  100  tablet  triturates  at  oue  time,  although 
>me  are  provided  with  200  or  moi-e  perforations,  aiul  a  few  with 
only  25 ;  the  perforations  vary  from  one-eighth  to  throe-eighths  of 
an  inch  in  diameter  Si  nee  the  plates  can  also  be  had  of  different 
thickoeascs,  the  weight  of  the  tablets  made  may  range  from  ooeduilf 
to  five  grains  or  more,  according  to  the  density  of  the  n>asj5. 
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lliini-nibbcT  mould  for  lublet  Iritumtea. 


When  a  BUttaUe  paste  has  been  made  the  perforated  plate  is  placed 
y{>on  a  level  surface,  preferably  a  thick  glass  plate,  and,  by  means  of 
a  liorn  or  rubl:)er  spatula,  the  mass  is  forced  into  the  holes  so  as  to 
fill  these  completely,  nny  exc*ess  of  material  being  removed  with  the 
spatula  ;  the  plate  is  then  reversed  and,  if  necessary,  more  of  the 
mass  is  fon^  into  the  holes  until  they  are  completely  filled  and  both 
sides  present  a  sm<x>th,  solid  surface.  After  the  required  number  of 
holes  have  been  filled,  the  upper  plate  is  carefully  brought  down  over 
the  lower  one  with  the  marks  or  numbers  at  the  ends  of  the  two 
corresponding  and,  by  the  aid  of  the  guide-pins,  the  pegs  are  pressed 
into  the  corrt»sn<>uding  \\i.A^^  and  the  tablets  thus  forced  out,  remain- 
ing on  the  euGs  of  the  i^^ ;  after  a  few  moments  they  may  be  re- 
moved, either  by  inclining  and  tapping  the  plate  or  by  carefully 
brushing  them  into  a  suitable  receptacle,  preferably  a  bolting-doth 
sieve.  The  tablets  should  then  be  dried  either  by  exposure  to  the 
onlinary  room  tempc»rature,  protecting  them  from  dust,  in  closets 
supplied  with  circulating  warm  air,  or  in  small  quantities  on  a  per- 
fonitcti  tray  near  a  stove  or  rcgii^ter,  as  the  nature  of  the  mutlicinal 
ingre<Hents  may  permit. 

Some  manufacturers  use  an  apparatus  somewhat  differently  chju- 
stnidcd,  as  shown  in  Fig.  240,  The  two  plates  are  held  in  fninws 
hingtHi  together  and  so  nrningi*d  that  the  fR*g-glatc  win  l>e  brought 
down  accurately  over  the  pcrforatttl  plate  carrying  the  tablets,  and 
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by  pressing  the  p^  down  through  the  perforations  the  tablets  are  I 
made  to  drop  out  upon  a  sheet  of  paper  placed  underneath  for  their 
reception.  The  exact  amount  of  mass  capable  of  being  forced  into 
the  holes  depends  largely  upon  the  pressure  exerted  by  the  operator, 
and  varies  with  nearly  every  |)erson ;  besides^  different  combinatioD^ 
moulded  by  the  same  {>erson,  being  of  different  specific  gravities  aiKi 
compactness,  will  give  different  results;  the  weight  of  a  certain  tablet. 
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Colton'8  tablet  triturate  monld. 


having  been  ascertained,  a  memorandum  should  be  made  of  €*^^ 
details  regarding  combination,  diluent,  and  excipient,  for  futt^^^ 
reference. 

Every  formula  for  new  tablet  triturates  must  be  determined  teu^^' 
tively  in  order  to  ascertain  the  exact  amount  of  sugar  of  milk  oT 
other  diluent  required.     The  simplest  plan  is  to  weigh  off  enough  of 
the  active  ingredients  to  make  a  given  number  of  tablets  (say  26  or 
50) ;  mix  this  with  a  quantity  of  diluent  known  to  be  insuflScieot^ 
moisten  with  the  necessary  excipient,  and  press  the  mass  into  the 
holes  of  the  plate  intended  to  be  used.     Then  moisten  more  of  the 
same  diluent  with  the  excipient,  and,  with  this  paste,  fill  the  holes 
remaining  unfilled  from  the  first  operation  ;  smooth  off  both  sides  of 
the  tablets,  place  on  the  ejecting-pegs  and  force  the  tablets  out.    For 
larger  openitions  the  tablets  should  then  be  thoroughly  dried  and 
weighed,  the  weight  of  the  dry  tablets  less  the  weight  of  active  ingre- 
dients used  representing  the  weight  of  the  diluent  required  to  make 
the  given  number  of  tablets.     In  wkibW  operations,  particularly  those 
of  the  dispensing  counter,  the  drying  may  be  omitted^  and,  instead 
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an  extm  niimlier  of  talJets  (4  or  5)  made  out  of  the  plain  diliK*nt, 
fuldcil  to  the  number  tiv^t  obtaine<J,  before  the  whole  is  thoroughly 
mixed  iu  u  mortar;  this  extra  material  13  neceaeary  because  the  first 
tablets,  when  worked  up  a^in  in  the  mortar,  generally  form  a  more 
eompac*t  mass,  and  herire  would  prove  insufBcieut  for  refilling  the 

rrecj aired  number  of  perforations. 

fahlet  triturates  are,  l>eyond  doubt,  far  more  readily  disintegrated 
than  compressed  tablets^  but  the  latter  form  has  a  larger  range  of 
applieability,  owing  to  the  many  variations  in  quantity  and  ei^mposi- 
tion  ;  tablet  triturates  above  0  grains  in  weight  become  inconveniently 
bulky,  and,  l>eing  flat  on  botli  sides,  are  less  readily  swallowed  than 
even  larger  compi*ea*M:^d  tablets  of  lenticular  shape* 

Hard-rubber  moulds  require  considerable  care  in  cleaning  and  in 
storing  them  when  not  in  use,  in  onler  to  preserve  the  original  perfect 
shape.  They  should  never  be  ex|Kised  to  licat,  either  by  using  hot 
water  for  washing  or  dry  heat  for  drying  them,  as  the  moulds  are 
thereby  warped  and  the  accurate  adjustment  of  the  jiegs  and  |>erfora- 

,  tions  is  destroyed  1 ;  when  thus  warped,  the  moulds  can  only  be  useil 
with  great  difficulty ,  and  soon  bei^ome  worthless.  A  narrow,  stiff 
paint-brush  will  be  found  very  serviceable  in  cleaning  the  moulds, 
and  water  at  the  onlinary  temperature  should  be  usal  for  washing 
the  plates ;  sometimes  alcohol,  or  even  acids,  may  be  necessary  to 
remove  material  teoariously  adhering  to  the  moulds,  but  never 
should  a  sharp  instrument  h*  use<l  in  tlie  |KTforatioiis  or  ou  the  |>cgs, 
as  the  smo<ith  surfaces  arc  likely  to  be  scnUchen;!  thereby.  After  the 
platrs  have  been  carefully  cleansed  and  rinsed  with  cold  water  they 
should  l>e  dried  with  a  soft  towel,  tlie  water  remaining  between  the 
pegs  lieing  readily  f*haken  out;  when  dry,  the  perflirated  plate  should 
be  placed  in  proper  ]XJsition  on  the  peg- pi  ate,  and  the  whole  laid  a^ide 
on  a  lev^el,  solid  surface,  away  from  heat, 

Hi/pmiermie  Tablets  are  simply  tablet  triturates  intended  fc»r  the 
convenient  preparation  of  solutions  for  subcutaneous  injection.  Since 
they  t*ontain  definite  quantities  of  the  active  agents,  they  are  admirably 
adapted  for  physicians'  use  at  the  licilside,  and  arc  very  extensively 
employed.  As  a  rule,  pure  sugar  of  milk  or  ptn^e  cane-sugar  is  used 
as  the  vehicle,  although  soilium  sulphate  has  also  l*een  employed  by 
»omc  manufactun»rs. 

Tnblrf  StUurdtni  differ  from  tablet  triturates  only  in  I  he  manner  of 
intrfxlucing  the  metlirinal  agents.  They  are  made  by  first  preparing 
plain  sugar  t»f  milk  tablets,  in  the  moulds  already  descrilxxl,  and 
liaving  phutil  tlie  tablets,  when  dry,  on  a  glass  platr,  the  desired 
quantity  vf  tim  tuif,  fluid  exti-act,  or  solution  is  dropix'tl  upon  each 
tablet  individually  from  a  piptte.  A  glass  cover  is  thefi  pla(*ed  over 
the  tablets  and  the  Huid  allowed  to  saturate  them  uniformly,  after 
which  they  are  dried  in  a  current  of  warm  air* 
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POWDERS. 


In  addition  to  what  has  already  l)eeD  said  al)out  pulverizatiou,  iu 
the  chapter  on  Mechanical  Siilxli vision  of  Drujrs,  there  remains  yet 
to  Ix;  considered  the  administration  of  medicini'S  iu  jxjwder  form, 
which,  presenting  certain  advantages,  is  still  largely  employed  by 
physicians.  The  powder  form  is  a  most  couveuieut  method  of  giv- 
ing medicines  in  the  case  of  very  small  children  and  )x*rsons  who  are 
unable  to  swallow  pills,  as  well  as  where  the  fluid  form  is  unavail- 
able for  any  reason.  It  is  true,  many  substances  are  not  suited  for 
administration  in  powder  form,  particularly  bulky  vegetable  pow- 
ders, deliouescent  salts,  and  such  as  contain  large  quantities  of  water 
of  crystallization,  as  sodium  phosphate  or  sulphate,  etc.;  but  while 
the  fluid  form  of  medicine  is  probably  to  be  preferred  in  the  majority 
of  cases,  the  bitter  or  nauseous  taste  of  some  substances  becomes  more 
marked  in  solution  than  in  the  dry  state.  Among  the  substances 
best  adapted  for  dispensing  in  powder  form  are  iusoluble  chemicals, 
such  as  calomel,  bismuth  salts,  sulphurated 
antimony,  some  salts  of  the  alkaloids,  and 
vegetable  drugs  given  in  small  doses,  such 
as  ipecac,  opium,  and  cat(»chu.  Physicians 
fre<juently  direct  their  patients  to  dissolve 
or  mix  the  powder  in  water,  and,  in  such 
cases,  the  powder  form  is  preferred  on  ac- 
count of  convenience  or  for  reasons  of  econ- 
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l*or(*«!lHiii  im\v<k'r-raortar 
(MM'tlonal  vifMi. 


Powders,  as  a  rule,  are  composed  of  two 
or  more  substances ;  to  insure  an  intimate 
and  uniform  mixture  they  must  Ik?  tritu- 
ratcnl  in  a  mortar,  preferably  made  of  |)or- 
celain,  of  the  sha|)e  shown  in  Fig.  241,  this 
style  presenting  a  snfHciently  broad  surface 
at  the  base*,  whil.st  its  ciirvtHl  .sides  prevent 
the  ej(H'tion  of  material  during  trituration.  It  is  assnined  that,  iu 
the  majority  of  i-a.s<*8,  the  individual  injii-eilients  are  already  in  the 
state  of  very  tine  j>owder,  and,  tluTefore,  only  nujuin*  thorough  mix- 
ing, whieh  is  lK»>t  ae<*omplished  by  trituration  with  li^lit  pn^sure 
onlv,  so  as  to  avoi<l  caking  and  stifkin;;  to  the  ^ides  of  the  mortar  ; 
the'nmtents  of  the  ve.«*sel  should  also  cM-cjisionally  Ik*  sjTajKMl  down 
from  the  iH'Mle  and  sid<»sof  the  mortar,  if  ne«-essary,  as  thi«<  aids  more 
iK'rfivt  a<lmixture.     Whenever  substaiuvs  which  are  tlienis^*lvi»s  in 


a  c<mrs<?ly  powdererl  or  granular  coudition,  are  ordered  in  a  powdered 
mixture,  they  must  be  reduced  to  a  very  fine  powder  by  themselves, 
no  attempt  being  made  to  reduce  them  in  the  mixture. 

A  few  general  rule^  will  serve  for  guidance  iu  the  preparation  of 
mixed  jxiwdei-s.  AVhenever  suj^ar  i.s  one  of  the  ingredients  it  should 
b«*  of  tlie  kind  known  as  bolted  or  lozenge  sugar     When  snndl 

Juantiticiji  of  potent  or  otlier  suhstam^s  are  to  be  dri^{>ensed  iu  pow* 
iiiy^f  they  should  tirst  be  well  triturated  with  a  portion  of  the  diluent, 
and,  finally,  incorporated  with  the  remainder  of  the  more  bulky 
|K>wders;  or,  if  no  diUient  has  l^een  ordered,  they  should  be  tritu- 
rattJ  with  a  small  cpiautity  of  sugar  of  milk,  to  in^^ure  their  more 
uniform  distribution  in  the  mixture.  The  pro})er  plan  is  to  plact:^ 
about  5  grains  of  sugar  of  milk  in  the  mortar,  add  the  active  ingre- 
dient, anci  then  triturate  thoroughly,  as,  by  this  means,  more  accur- 
ate sulxlivision  is  effected,  and  none  of  the  active  material  is  likely 
to  adhere  to  the  sides  of  the  mortar.  Soft  extracts  and  essential 
oils  must  be  treate*!  in  the  Siune  manner. 

Whenever  physicians  preseriW  quantities  which  cannot  be  weighed 
mvenieutly,  such  as  J,  ^,  ^,  or  ^  of  a  grain,  and  metric  weights 
less  than  10  milligrammes,  the  plan  of  preparing  a  dilution  of  the 
substance  with  sugar  of  milk,  by  trituration,  in  such  proportions 
that  a  weighable  amount  of  the  mixture  shall  represent  the  desired 
qnantity  of  active  ingredient,  as  already  indicated  on  page  t309, 
sliould  invariably  be  followed,  as  by  this  method  accuracy  of 
division  is  best  obtained. 

Certain  substances  of  a  crystalline  structure— notably  also  those  of 
a  resinous  character — have  a  tendency  to  become  electrical  bv  fric- 
tion, particularly  if  pressure  be  employed  ;  such  bodies  are  saiil  to  be 
idioelectric,  and  must  be  trituratcxl  lightly,  or,  if  pressure  is  necessary 
to  reduce  them  to  fine  jiovvder,  they  must  be  sprinkler!  with  a  little 
alcohol,  whereby  the  trouble  is  obviated,  or  the  powder,  which  ad- 
heres firmly  to  the  mortar  and  i>estle,  and  is  apt  to  fly  off  in  all 
directions  if  scraped  with  a  sj>atu)a,  must  be  set  aside  for  awhile 
until  the  electric  condition  has  *Usappeared.  To  this  class  belong 
common  pine  resin,  and  the  resins  of  guaiaeum,  jalap,  and  scam- 
mnny,  also  quinine  alkaloid,  aoetanilid,  salol,  phenacetin»  and 
others.  The  removal  of  tlicsc  iu  fine  powder  form  from  the  mortar 
is  attended  with  mort*  or  less  difficulty,  unless  previously  slightly 
dampened. 

When  substances  wliich  differ  materially  in  specific  gravity  are  to 
h**  mixed  in  powder  form — as,  jVir  instance,  bismuth  subnitnite  with 
magnesia,  sinlium  bicarlMUiate  with  charcoal,  or  zinc  oxide  with  lyco- 
ptKlium — the  l*e8t  plan  is  to  place  the  ht*avy  8ul>stance  in  the  mortar 
and  incor|Kirate  the  lighter  Ixxly  gradually  by  adding  small  [Kirtions 
at  a  time.  Calcined  magnesia  and  charcoal  are  alsr»  moi^  readily 
mixed  if  the  charcoal  be  gradually  addetl  to  the  magnesia  with  very 
light  trituration;  only  in  tliis  manner  can  a  powder  of  luiiform 
a|qwarance  be  obtained.     Whenever  large  quantities  of  these  pow* 
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dera  are  lo  be  mixed,  perfect  Wending  mny  \mi  achieved  by  shaking 
them  together  in  a  \x)ix\e  for  some  tinn^,  and  then  |iasding  the  mixture 
repeatedly  through  a  bolting-duth  sieve. 

Since  some  substances  when  triturated  together  cause  chemical 
dee<»m|K>8iti(in,  attended  in  a  few  cases  also  with  explosion,  wnsiflcr- 
nble  (mre  must  be  ul:>6ei*ved  iu  mixing  them  ;  the  offending  ingrt^dicnt 
should  l)c  reihutnl  to  tine  powder  by  itself,  and  then  cautiously 
mixt-d  ou  [Ml  I  XT  wilfi  ihc  (►ther  powders.  Such  conditions  ari?ie 
when  p4»tassium  c^hlurute  i»r  j>erman^anate  is  to  be  mixed  with  or- 
ganic sub.^tiim-es,  as  sugar,  titareh,  tauniu,  gum-arabic^  and  also  sul- 
phur and  sulphides,  or  when  lead  acetate  and  zinc  sulphate  or  \nym% 
and  alum  are  triturated  together. 

Powders,  whether  simple  or  compouud,  intended  for  r\ti  rmd 
application,  by  dusting  or  insufflation,  must  be  passed  through  u 
fine  bolting-cloth  sieve,  and  Miould  not  then  be  triturated  agaiu 
before  ihvy  are  disjienstd, 

lu  the  majority  of  cases  medicines  prcscTibed  tn  powder  form  are 
dispensed  in  dividinl  doses;  although  absolutely  aa*urate  division 
cain  ouly  be  obtained  by  weighing,  this  plan  is  rarely  followe<1,  sim-e 
practice  will  soon  enable  one  to  omit  this  te<iious  method.  Usually 
the  operator  divides  the  mixed  [wwder  by  the  eye,  either  directly  on 
the  powder  |iapers  or  by  .shaping  the  powder  into  a  rectangle  on  a 
graduated  tile,  and  dividing  this  into  the  requisite  number  of  parts ; 
an  experienceil  dispenser  is  able  to  make  quite  accurate  divisions  frora 
the  mortiir  dire<*t  to  the  paj>er. 

To  facilitate  the  division  of  doses  at  the  dispensing  aiunter  a  very 
neat  jM)wtler-divider  was  designed,  some  yeai"¥t  ago,  by  J.  C\  Midiael, 
a  former  pimrmacist ;  it  is  shown  in  Fig.  242.     The  apparatus  ci»n* 
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>Jilll  of  a  eup  with  Imw  nttaehed,  a  «et  of  three  dividers,  with  ^, 
10,  and  12  wings  re  ■  (one  of  which  is  shown  in  the  ■ 

tratitm),  and  a  cap  v  ling  diK)r.     It   ii*  o[x'rated  us  foil 

The  tbamnghly  mixcti  powder  is  phu^il  in  the  metallic  cup,  B,  ami. 


PoWDi:ii\ 


after  shaking  down  so  as  to  obtain  a  level  surface^  the  metallic 
divider,  D,  is  slipped  over  the  rod,  A,  and  allowed  to  work  its  way 
slowly  down  to  the  bottom  of  the  rup ;  by  slight  manipulation,  such 
as  gently  rotating  the  divider,  the  powder  will  l>e  divido^l  iritu  as 
many  Hpial  parts  as  wings  arc  attached  to  the  divider*  The  t*ap,  E, 
which  fits  suugly  over  the  projecting  wings  of  the  divider-?,  and  is 
held  in  position  by  means  of  a  central  pin,  is  next  attachtxl,  and,  the 
cup  having  l>ecn  inverted^  the  rod,  A,  is  removed  by  turning  the 
base,  C,  held  by  a  bayonet-joiut,  and  withdrawing  the  n^d  from  the 
centre  of  the  divider.  The  powder  will  now  be  found  transferred 
to  the  cap,  but  divided,  as  before,  since  the  wings  of  the  divider 
extend  beyond  the  rim  of  the  cup  to  the  full  depth  of  the  cap ;  by 
bringing  the  apparatus  over  the  centre  of  the  paper  one  p«irtion  ean 
be  dejjosited  at  a  time  by  pulling  back  the  slide,  F,  and  allowing  the 
powder  to  fall  upon  the  paper.  It  is,  of  course,  important,  when 
placing  the  cap  on  the  cup,  so  to  adjust  it  that  the  edges  of  the  o|)en- 
ing  be  on  a  line  with  two  of  tlw?  wings,  which  is  l)e8t  done  with  the 
slide  open.  By  carrying  the  apparatus  from  paper  to  paper  and 
rotating  the  divider,  each  succeetliug  section  can  be  emptied,  and 
thus  rapid  division  of  the  mixture  be  effected.  The  whole  apparatus 
18  nickcKplated,  which  protects  it  against  rust.  Very  accurate  work 
Cftn  be  done  with  this  ap}>aratus,  and  the  necessary  experience  for 
rapid  manipulation  is  easily  acquired. 

Another  convenient  device  for  those  who  do  not  wish  to  entrust 
division  of  powders  to  the  eye  is  the  Diamond  Powder-divider. 
This  consists  of  a  nickel-plated,  shallow,  metal  trough,  closetl  at 
one  end  and  graduated  on  both  sides ;  the  powder  having  been  in- 
tnjduced,  a  hard-rubber  plug  is  inserted  at  the  open  end  and  pushed 
up  to  the  graduation  indicating  the  number  of  divisions  to  be  made. 
Alti?r  levelling  the  surface?  of  the  powder  by  me;insof  an  acctvrnixiny- 
lug  Hat  bar,  with  handle  attached  and  exactly  tilting  into  the  trough, 
tlie  rubber  plug  is  removed  and  a  quantity  of  the  material,  eipiiva- 
lent  to  one  dt>se,  as  indicated  by  the  divisions  of  the  graduated  sides, 
is  transferred  to  paj^r  by  the  aid  of  a  spatula  of  the  same  widih  as 
the  interior  of  the  trough.  The  dimensions  of  the  trough  are  l>  inches 
in  length,  1  incli  in  width,  and  ^  of  an  inch  in  depth. 

For  enclosing  the  divided  du8t*s  of  nowder,  either  well  calendered 
or  parchment  |Miper  may  be  ust^i  ;  the  latter  is  now  preferred  by 
many  pharmacists,  as  it  offers  a  protection  against  the  moisture  of 
ihcuir.  Even  those  who  use  glaze*!  white  piij>cr  will  find  cither 
[Kirch men t  or  waxed  paper  m»cessary  for  volatile  or  hygroscopic 
sul>stant*es.  Powder  papers  should  lie  foldc<l  uniformly,  henc*e  it 
will  l>e  found  advJintageous  to  keep  in  stm'k  a  5ui)ply  of  the  various 
Slices  alreiuly  creased.  This  is  readily  done  by  folding  the  pai>er 
over  a  pH^v  of  stiff  metal  of  suitable  size,  with  roundetl  edg«*s  to 
prevent  cutting,  in  such  a  manner  that  a  narrow  margin,  about  | 
inch  wide,  is  niud<»  on  one  of  the  long  sides ;  the  straiglit  e*lge  hav- 
ing l>een  brought  up  against  tlie  crease  of  the  margin,  Initli  ends  are 


358 


Prr4(ri(\iL  PIIAUMAf 


fuldoti  Inirk  to  about  the  centre  of  tlie  piot'e  of  metal  and  fimil^ 
l»reHS^Hl  down  vvitfi  a  horn  s|iiatu]a.  The  two  sifles  are  now  folded 
over  the  inlges  nf  the  metal  plate  and  aUo  firmly  prt*ssed,  after  which 
the  ei*eiises  arr  all  o[^ned  and  the  plate  U  removed.  Such  creased 
pnvder  paiK^rs  not  only  insure  absolute  uniformity  in  size  and  shape, 
but  have  also  been  found  very  convenient  in  economizing  time  at  the 
preseription  counter*  Some  pharmacists  prefer  to  fold  ea<'ti  paper 
eontaininjt^  the  powder  over  a  powder  bt>x  or  sjx»cially  con^friKted 
adjustable  [mwder- folder.  The  habit  of  flattening  the  powder  within 
the  pa[)er  by  pressing  over  it  with  a  spatula  is  a  bad  one,  an(J  should 
never  l>e  followed,  as  it  is  apt  to  cause  the  powder  to  cake,  and  often 
interferes  with  its  proper  adminii^tration  In  li^piids.  To  prevent  any 
of  the  material  from  leaving  the  pajx^r,  one  of  sntHciently  hirjje  sixe 
should  be  used,  that  tlie  creases  where  the  sides  have  l)cen  folded 
over  may  be  pressed  down  with  a  sjmtula ;  this  effectually  prevents 
leakage. 

A  small  number  of  powders  in  paper  (two  or  three)  are  usually 
dispensed  in  an  cnvelo|>e,  while  the  regular  olilong  [)owder  boxes  are 
usetl  for  larger  numbers*  When  not  div^ided  into  doses  the  ix>wder 
is  disj)ensed  cither  in  round  paj>er  boxes  (never  in  pa|)er,  unlc^  io- 
tended  for  use  at  one  time)  or  in  wMdc-mouth  bottles;  the  latter 
metho<l  is  iiecf^ssary  if  the  ingrcdii  nts  are  apt  to  attract  moisture  or 
if  very  volatile  substances  are  prciscnt,  ami  will  also  be  found  con- 
venient for  travellinjr  purposes.  When  l>ottlcs  are  used,  a  piece  of 
glaze<l  pa[>er  should  l>e  insi?rteil  l>etwi?en  the  neck  of  the  bottle  and 
the  n>rk,  to  prevent  particles  of  the  latter  from  fallinir  into  the 
|K)wdi'r. 

Whilc^  as  a  ruk%  medicines  in  powder  form  arc  admin iijleixnl  to 
the  patient  either  dry  on  the  tongue,  or  in  solution,  or  mixture  with 
ft  small  ([uantity  of  w^ater,  physician**  frtHpiently  direct  them  to  l>e 
en«»lostHl  in  capsules  or  walers,  with  the  view  of  dis^^uising  the  taste. 
The  filling  of  defirjitc  <|uantities  of  a  |-M»wiler  int^i  t'jipsules  is  rather 
troidilesome,  on  ac*»ount  of  the  small  nrifice  of  the  latter,  and  to 
facilitate  the  operation  reoourso  is  had  to  a  little  device  especially 
designed  for  that  pur|Hifle.  Small  blocks  of  hard  w»>od  are  prov^idecl 
with  twelve  or  twenty-fiiur  sockets  of  such  depth  that  the  ca|)$ule<s, 
when  placed  therein^  shall  project  about  onc-thinl  above  the  edge; 
another  pieix?  of  wckhI,  with  {perforations  ixjr responding  to  the  socket/*, 
is  place<l  over  the  low^cr  block,  after  the  capsules  have  Ijccn  itisertt*d| 
and  then,  by  means  of  a  suitable  funnel  (of  hard  rubber  or  metal), 
the  powfler  is  tninsferre<I  to  the  c*af>8ule^  and  soniewhat  comprmecl 
with  a  plutiger  cxar'tly  fitting  the  throat  of  the  funnel  and  the  mp- 
mile.  Aft»T  all  the  ciipsnles  havr  Iiku  filled  the  upjHT  |MTff»rati^ 
blo<*k  is  removal  and  the  cover  slip(K'd  over  tin*  projet'ting  inds  of 
inch  oijwule.  For  th<*  various  sijc^s  of  capsuli*s  dillVrent  bh.M^ks  and 
fu»nel)«  lire  rerpiirefL  In  Figs,  243  and  244  are  shown  the  bloc*k9 
antl  a  suitable  lunuel ;  the  latter  has  a  wide  rim  flnttencH!  on  one  mde 
ftnd  n  short  tuln.*   whereby  the  pnwdcr  in  mmv  c^onvenierjtlv  fed  into 
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the  capsules.      The   Arrae   Capsnle-filler  (Fig.  245)  is   somewhat 
ilifterent  in  constntotinn,  hut  is  oj^emtal  iu  a  similar  manner. 


Flo.  244. 


Eftnl-wood  blocks  Ibr  flui»port)uf  vmpty  cnpsulei  white  being  filled. 

The  use  of  wafers  is  not  so  much  in  vti^iie  iu  this  oountry'^jis  in 
Europe,  but  is,  in  many  respects,  pivferable  to  C5i|>sules;  less  com- 
pression of  the  material  is  necessary, 
and  the  enveloi>e,  made  of  rice-flour, 
is  more  readily  disintegrated  in  the 
stomach.  Sometimes  small  s^juare 
or  circular  sheets  of  wafer  paper  are 
ordered,  ami  tlie  patient  is  di retted 
to  enclose  eacli  do!«e  as  wanted  ;  this 
is  done  by  dipping  the  wafer  inl«» 
cold  water,  whereby  it  is  rendej^l 
flacM'id  ;  it  is  then  removed  witli  a 
spoon,  the  jxjwder  place<l  in  the  cen- 
tre, and,  tl»e  edges  having  been 
folded  over,  it  is  swallowed  with 
a  draught  of  water. 

The  jsmall  round  wafers  known 
as  cnrhcts  are  intended  tn  l)c  filled  and  scaled  by  the  pharraacists, 
Various  appliances  have  l)een  pn)|>osed,  of  which  that  extensively 
use«l  in  KrirofM*  in  connection  with  Mohrstadt^s  cachets  is  de«:ide*lly 
the  most  de?*irable^  as  it  is  simple  in  construction  and  quickly  oj>er- 
ated  ;  the  devi<v  is  sold  in  this  eH»untry  by  J,  M.  Grosvcnor  &  Co., 
of  !i4wt<m»  an  the  '*  Knrisntr'  Fillinji^  and  Closing  Apparatus,  and  is 
fully  illa!<tmtetl  and  chscrilieii  further  on.  The  u?<*  of  the  word 
**  Kons^nr*  in  placi'  of  cachets  or  wafers  dt^es  not  strike  one  as  par- 
ticularly appropriate,  and  is  lo  l>e  regivtted.     The  **  Konseals,  ■  or 
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cachets,  are  concave  disks  made  of  rice-flour  and  water ;  they  are  of 
convenient  form,  perfectly  digestible,  keep  permanently  for  years,  and 


¥lG.  245. 


Acinc  capsule-fillor. 


are  prepared  in  six  sizes,  as  shown  in  Fig.  246,  varying  in  capacity 
from  1  to  18  or  20  grains  of  dry  powder. 


Fio.  '1U\. 


•  Koiiheal*)  "  or  ricf-il«iiir  onchtt'*. 


The  **K(nisoar'  Fillinjj:  and  ('hxsing  Apparatus  coii^^ists  of  three 
nick«*le<l  plates  suitably  hinge<l  together  (see  Fi*;.  247);  the  centre 
plate,  IJ,  is  providinl  with  36  concave  depressions,  to  suit  the  different 
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seizes  of  wafers,  nmX  the  two  other  |jlales  (A  autl  C)  are  perforated 
iu  a  manner  to  correspond  exactly  to  the  deiirejasions  in  B.     Tlic 


FlO.  247. 
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Th«  "Kotiae*]"  nUiuti  and  ctmlug  appttrata&, 

wafers  are  first  pressed  into  the  spaoes  of  A  and  B  adapted  for  the 
particular  size  selected  ;  one  of  the  short  funnels  accompany ing  the 

Fio,  2I«L 


^ 


^ 


apparatus  having  been  inserted  into  the  proiier  perforation  of  plate 
C,  the  latter  is  foldcti  over  on  to  plate  B,  as  snown  in  Fig,  248.  The 
powders  ai'e  next  iK)ured  into  the  wafers,  as  shown  in  Fig*  249,  and| 
if  neee^.sinry,  owing  to  large  bulk,  are  t?light«  1  wiili  the 

thimble  furniflhetl  for  the  purpf>?=e;  ^nml)  qn.  ,io  powder 
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oiin  be  conveniently  fed  into  the  wafers  without  the  use  of  funnel  or 
thimble.  When  the  re<|uire<l  number  of  wafers  has  been  fille<i  \\f\ie 
C  is  turned  back  from  plate  B,  and  the  damping  roller  (not  too  wet) 


Fio.  2491 


CltOOOi 


'jMNii  over  the  wafers  in  plate  A,  as  shown  in  Fig.  250,  whereby 
tfie  eSges  of  the  wafers  are  sufficiently  moistened  to  cause  them  to 
adhere  closely  to  the  other  wafers  when  plate  A  is  closed  down  over 
plat£  B  with  a  little  pi-essure.     Finally,  on  opening  the  apparatuAy 
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the  j^fulnl  wafer»  will  Ix*  found  adhering  t)  plate  A,  and  can  be'^*^*' 
jHiJ*he<l  out  by  the  fin|;ei*!*  nr  with  the  thimi>ied. 

When  pcmtler^  an*  to  Ix*  diS[»ensed  either  in  capsul*^  or  wafers   it 
will,  of  eour5«%  U»  ni-eeHAary  first  to  make  the  n.'quired   number  of 
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divisions  on  paper,  either  by  weighing  or  measuring  with  the  eye ; 
in  Europe  a  graduated  glass  tube  with  hard-rubber  piston  is  said  to 
be  ustd  for  the  same  purpose. 

The  Pharmacopoeia  furnishes  formulas  for  the  preparation  of  nine 
compound  powders,  but  directs  the  division  into  doses  in  only  one 
case.  The  following  is  a  list  of  the  official  powders  and  their  com- 
position : 

Compound  Powdees  op  the  U.  S.  Pharmacopceia. 


Name. 
Pulvis : 

Antimonialis     .     . 
(James'  Powder). 


Aromaticus 


Cretae  Compositus .     .     . 

Effervescens  Compositus 
(Seidlitz  Powder). 


Glycyrrhizas  Compositus 


I(>ecacuanhie  et  (>pii  . 
(Dover's  Powder). 

Julapte  Compositus    . 

>ro]mhin«e  Compositus 
(TuUy's  Powder). 


Kliei  Compositus 


Compodtioii. 

Antimony  Oxide  .... 
Precipitated  Calcium  Phosphate  . 
Ceylon  Cinnamon 

Gincer 

Cardamom  (deprived  of  capsules) 

Nutmeg 

Prepared  Chalk    .... 

Acacia 

Sugar    

Sodium  Bicarbonate 

Potassium  and  Sodium  Tartrate    . 

Tartaric  Acid        .... 

Senna   

Glycyrrhiza 

Washed  Sulphur  .  .  .  . 
Oil  of  Fennel        .... 

Sugar    

ipecac 

Opium 

Sugar  of  milk        .         .         .         . 

Jalap 

Potassium  Bitartrate 
Morphine  Sulphate 

Camphor 

Glycvrrhiza 

Precipitated  Calcium  (  arbonate    . 

Rhubarb 

Magnesia 

Ginger ...... 


33  Gm. 

67     " 

35  Gm. 

•35    ** 

15    " 

15     " 

30  Gm. 

20    '» 

50    " 

2  583-f  Gm. 
7.749-h   " 
2  250       " 

180  Gm. 
236    " 

80    " 

4    " 

500    " 

10  Gm. 

10    " 

80    " 

35  Gm. 

65    " 
IGm. 

19  " 

20  " 
20    " 
25  (4m. 
65     " 
10     " 


Special  Remarks. 

In  the  case  of  antimonial  powder,  compound  chalk  powder,  and 
c()m|K)iind  jahip  powder,  the  ingredients  being  already  in  a  state  of 
fine  powder,  simple  admixture  with  light  trituration  is  necessary. 

PuiciH  Aromaticus.  Cardamom,  deprived  of  the  capsules,  are 
directtnl,  Ikk^usc  the  latter  are  inert  and  cannot  be  reduced  to  fine 
pow^ler ;  the  crushed  seed  and  coarsely  powdered  nutmeg  (l)est  ob- 
tiiincMJ  by  grating)  (an  readily  l)e  brought  to  a  state  of  fine  powder 
by  trituration  with  about  one-half  of  the  cinnamon,  using  at  the  same 
time  sh'ght  pressure. 

PuivU  Effervescenn  Compositus.     The  so-called  "  Seidlitz  mixture'' 
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of  eomraert'e  is  not  always  of  the  coin  |n>!^itioD  presciibcd  Uy  the  l*liar- 
maeoiKL*ia  ;  heiii-e  it  is  beiU^r  to  make  it,  as  wauled,  l»y  luixiiiiJ 


part  of  sodium  bic-arboimte  with  3  parts  of  Rocholle  m\i.    The 


S  pa 

hhii 


alka* 


liue  mixture  is  usually  jhU  up  iti  blue  pai>ersaad  thea<'i(!  powder  in 
white  pa))er*  The  small  woiKleu  measures  intended  for  rapid  divi- 
gion  oi  the  pow^dei-s  luv,  n&  a  rule,  not  uniform  ;  moret:>ver,  the  quan- 
tity of  material  that  can  be  compressed  into  tliese  measures  varies 
€K)|]8idcmbly  with  the  eondition  of  the  atmoft[»liere,  whieli  renders 
them  unreliable;  hence,  the  prescril>ed  quantities  should  l>e  weighed 
for  each  jmper,  being  10.3JJ3  -f  Gm.  (IGO  grains)  of  Seidlitz  mix- 
ture and  2,25  Gm.  (85  grains)  of  tartaric  acid.  The  powders  should 
be  protected  against  dampness,  and  it  will  be  found  advantagcoujj  to 
disju^nse  the  acid  in  jjarehnient  jMiper, 

Piihu«  Glyct/rrhizic  Compomlm.  By  triturating  the  oil  of  fennel 
with  a  part  of  the  sugar,  before  adding  the  other  ingredients,  it«  dis- 
tribution in  the  i>owder  is  greatly  facilitated.  The  use  of  oil  id 
place  of  powdered  fennel  is  advantageous,  as  the  finished  mixture 
oan  then  readily  l»e  jxissed  tlirougli  a  No.  80  sieve,  and  the  finer  the 
powder  the  b«:*lter  it  is ;  moreover,  the  product  will  not  assume  by 
age  that  disagreeable  odor  which  has  been  observed  when  the  |K)W- 
dered  i^eed  is  used, 

PulvU  IpecuGuanhts  el  Opii,  The  Pharmaeopceia  directs  sugar 
of  milk  to  be  used  in  rather  coarse  j)owder,  so  that  the  fragments  of 
crystals,  being  very  liard,  may  serve  to  grind  the  vegetable  powders 
to  an  impal[>able  condition  during  the  necessarily  prolonged  tritum* 
tion.  Sinci>  the  finished  pro<luct  contains  U)  per  cent,  each  of  ipecac 
and  opium,  an  average  adult  dose^  0*ti48  Gm.  (10  grains),  of  the 
powder,  will  represent  0.0648  Gm,  {1  graio)  of  each  active  iogredi- 
ent.     Dover's  powder  is  a  favorite  «!iaphoretic, 

Puivis  Morphimr  Cctmpmitus.  The  value  of  Tully's  i>owder  resiilea 
ID  the  camphor  and  moqihine  present,  the  liquorice  and  precipitated 
chalk  serving  simply  as  diluent*.  In  order  to  secure  the  tamphor 
in  very  fine  division  it  must  be  triturated  with  a  little  alcohol  aud 
at  on(?e  mixed  with  the  diluents,  the  morphine  being  incorporateil  by 
adding  to  it  the  other  mixed  jwwders  in  smtdl  quantities  at  a  time. 
The  olficial  formula  would  look  betler  if  20  instead  of  19  (im,  of 
cam|»lu>r  had  Ik^^^j  <HiYH'ted,  on  account  of  the  more  aeeumte  division 
of  dt**^"**. 
Gra.  of 

J  grain  or  the  former  and  about  6  grains  ot  the  latter,     uwing 
the  volatile  nature  of  the  camphor  tlie  powder  should  always  be  dis- 
jtensetl  in  jiarnr*  uchment  pajjcr. 

Ptilris /{hii  '  w.     The  V*c9t  plan  for  thoroughly  blending 

the  magnesia  witli  the  rhtd>arb  and  finger  w*ill  Ik*  to  mix  the  la«t- 
uame«l  two  powders  first,  then  add  the  magnesia,  in  small  anautttiis 
al  a  time,  triturating  without  nrt'^^ture,  and|  finally,  pivs»  the  whole 
raiiture  tlirough  a  bolting-cloth  sieve. 


►r  UHO  iK*<nj  (Hi'CH'ieti,  on  acei^uni  oi  ine  more  aeeuraie  uivision 

I.    Each  gramme  of  the  finirtlie^l  iinxluct  represents  (),016G  4- 

morphine  and  0.813  -f  Gm,  ot  camphor,  or  10  grains  equal 

of  the  former  and  about  3  j?rains  of  the  latter.     Owing  to 
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Triturations. 

Under  this  head  the  Pharmacx>poeia  recognizes  mixtures  of  reme- 
dial agents  and  sugar  of  milk,  in  the  form  of  a  very  fine  powder, 
made  in  such  proportions  that  each  gramme  of  the  mixture  shall 
contain  O.l(X)  Gm.  of  the  active  ingr^ient,  or  1  grain  represent  -^ 
of  a  grain.  The  general  official  directions  for  making  triturations 
are  to  mix  the  substance  in  a  mortar,  with  an  equal  weight  of  sugar 
of  milk,  both  in  moderately  fine  powder,  and  then  to  triturate  thor- 
oughly together,  adding  fresh  portions  of  sugar  of  milk  from  time  to 
time,  until  9  parts  of  the  latter  shall  have  been  mixed  with  1  part 
of  the  substance,  and  the  whole  reduced  to  a  very  fine  powder.  The 
advantage  of  using  moderately  fine  powder  in  the  beginning  consists 
in  the  more  intimate  admixture  of  the  ingredients  brought  about  by 
the  prolonged  trituration  necessary  for  reduction  to  fine  powder. 

But  one  trituration  is  officially  designated — namely,  "  Trituration 
of  Elaterin ;''  this  is  a  mixture  of  10  Gm.  of  elaterin  and  90  Gm.  of 
sugar  of  milk,  made  according  to  the  general  directions  given  above. 

Oil-sugrars. 

Powders  of  this  class  are  chiefly  used  as  correctives  or  flavoring 
agents,  and  are  prescribed  by  physicians  under  the  name  Oleosacchara 
or  I^lax)sacchara.  These  are  extensively  employed  in  Europe,  par- 
ticularly in  Germany,  but  are  not  recognized  in  our  Pharmacopoeia. 

The  National  Formulary  gives  general  <lirections  for  preparing 
them,  which  are  practically  identical  with  those  of  the  official  Ger- 
man code.  Oil-sugars  are  composed  of  powdered  cane-sugar  and 
volatile  oil  only,  each  drachm  of  the  former  requiring  the  addition 
of  two  drops  of  the  latter,  the  two  being  thoroughly  mixed  by 
trituration ;  they  should  be  freshly  made  when  wanted.  When 
prescribed,  the  particular  kind  is  designated  by  sj)ecifying  the  name 
of  the  oil  to  be  used — thus,  oleosaccharum  or  olieosaccharum  anisi, 
menthffi  piperitae,  foeniculi,  limonis,  etc.,  meaning  oil-sugar  of  anise, 
[)epjHTmint,  fennel,  lemon,  etc. 
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GRAMLAR  EFFKKVESCENT  lisALTS. 

The  aflinioistmtiou  of  i*emedial  agents  in  the  furm  of  effervescent 
draiigblj^  has  iMiHijme  quite  popular  tliiriu^  the  past  ten  or  fifteen 
years,  and,  as  the  solutious  are  only  agreeable  when  freshly  made,  it 
IS  necessary  to  have  the  renie<Hes  in  convenient  form  tor  extern- 
pomueons  preparation  of  the  draught.  Such  a  form  is  prc8cnt4xl  by 
the  granular  effervescent  salts  of  ihc  market.  While  the  Phiirnia- 
eopteia  recognizes  but  four  preparations  of  this  class,  a  very  lar^e 
number  is  otfered  by  manufacturers,  and,  as  they  are  easily  made, 
without  ebilKirate  apparatus  and  apph'ances,  their  preparatiou  is  witlitji 
the  reach  of  all  pharmacists*  The  combination  consists  of  the  active 
medicinal  ingredients,  tlie  efferv^eseent  agents,  and  frequently  sugar, 
lo  improve  the  taste.  As  a  base  for  pnxlucing  the  effervescH'nt 
<lraught,  scfdlum  bicarbonate,  with  citric  or  tartaric  acid,  or  a  inixturt* 
of  the  two  acids,  is  employed.  Effervescent  granules  made  with  citric 
add  are  pr«?ferable  to  those  made  with  tartaric  acid,  and  will  keep 
better,  since  tJiey  are  much  tirmer;  as  a  rnk%  a  mixture  of  the  two 
acids  is  used.  All  ingraiients  must  be  dry  and  mixed  in  the  form 
of  fine  jM>wders.  'The  metliod  of  gmnu luting  the  mixture  will  vary 
with  diffei'ent  o[>erators;  while  for  small  cjuantitic^,  ^uch  as  the  phar- 
macist is  likely  tit  handle,  dani])ening  of  the  jKJwder  with  95  })er 
cent,  alcohol  and  then  rubbing  the  paste  through  a  sieve  offers  the 
most  convenient  plan,  large  manufacturers  subj€'t*t  the  m!xc<l  {>owder8 
to  a  tem|Ycrature  sufficiently  high  to  fuse  some  of  the  constituents 
and  tims  obtain  the  ne<^^^>jiry  adiKsivenesa, 

If  it  is  prcterre<l  to  make  grauuhir  effervescent  salts  by  heat,  as 
rtH.Timmenih'*!  in  the  Briliish  Phurmacoprcia,  the  wcll-mixeil  pow<ler8 
diould  lie  plnce<l  in  a  pan  or  dish,  which  has  previously  been  htiitetl 
lo  the  ilesiriHl  tcmj)erature,  and  the  heat  then  be  continued  until  seroN 
fusion  has  just  U*gtm,  when  the  [la'^ty  mass  must  be  quickly  trans- 
ferred to  tin*  projKr  sieve  for  granulation,  after  which  the  granules 
are  at  ont^e  tninsferred  to  the  drying  closet,  Unlt^ss  the  pan  U*  prop- 
erly jieatcnj  l*ei'nrc  the  [Kiwder  is  placed  therein,  the  material  is  fikely 
to  dr>'  out  before  it  underg<»e8  seuii- tension. 

Whenever  sugar  is  present  in  the  mixture  to  be  granulated^  care 
must  In^  oliaerved  in  the  appli(!ation  of  heat,  to  avoid  a  yellowish 
coloration  of  the  grannies;  moreover,  the  smlium  bicarlx)uale  is  likely 
to  liKise  inrlnin  dioxide  if  h^/ated  l>eyond  72*  C.  (16Kf5'^  F.),  thtta 
rendering  the  [jreparation  deficient  in  efferveftcent  properties.  If 
alcohol  lie  usi^  to  make  a  panty  mass  of  the  well-mixed  powdera^ 


tbeee  difficulties  art»  avoided,  since  a  temperature  oot  above  65'  C. 
(149«>  F.)  will  l>e  found  quite  BuflScieiit  for  drving  the  damp  jyrraDules; 
the  stronger  tlie  alcohol  used,  and  the  stiffer  llie  paste  made,  the  better 
will  hv  the  granular  c*ondition  of  the  ^alt,  cspcdally  if  the  stibscquent 
drvin>;  can  l>o  conduct ctl  in  drvinj;H"lo64ts  kept  at  a  constant  tem- 
perature. 

All  the  recpiired  ingredients  for  effervescent  granules  must  be  used 
in  fine  powder  and  thoroughly  mixed  Ix^fore  an  attempt  at  granula- 
tion h  made;  trituration  in  a  mortar  is  not  desirable,  since  the  re- 
sulting prei^sure  h  likely  to  cause  reaction  l>etween  the  sodium  bicar- 
bonate and  acid,  hence  intimate  admixture  is  be?^t  effected  by  passing 
the  minglcil  powders  rem^aictlly  through  a  sieve  (prefcmbly  No.  50). 
It  will  also  Ije  ibmid  aavnutagcous  tc>  mix  the  fetKlium  bicarbonate 
thoruuglily  with  the  sugar  (if  the  latter  is  to  l>e  used)  before  adding 
the  acid.  Strong  alcohol  only  should  l>e  used  (not  below  94  or  95 
pr  cent,  by  volume)  for  making  a  jmste  that  cau  be  just  rubbed 
through  the  sieve,  other vvi we  the  presence  of  nnitli  water  will  cause 
loss  of  carlion  dioxide  and  yield  a  soft  mass,  which  will  not  remain 
in  seiKirate  granules  while  drying*  The  quantity  of  alcohol  neces- 
sary will  vary  with  the  composition  of  the  mixture;  whenever  citric 
acid  or  salts  containing  water  of  crystallization  are  prt«ent  a  lesser 
quantity  should  be  used*  Some  substances  contain  an  unusual 
amount  of  w*ater  of  crystallization  ;  as,  for  instance,  s<xlium  sulphate 
65.87  [Kjr  cent.,  sotlium  phosphate  60.31  per  cent,  magnesium  sul- 
phate 51.13  per  ('ent.,  etc.;  this  would  interfere  with  pro}>er  granula* 
tiou  of  the  powder,  and  such  salts  must,  therefore,  be  rendered  either 
totally,  or  at  least  jiurtially,  anhydrous,  by  heating  sufficiently  liefore 
mixing  with  the  other  ingredients. 

Wcll-liuneil  sieves  munt  be  used,  through  which  the  pasty  mass  is 
rubbed  with  the  hands,  otherwise  the  granules  will  not  Ix*  j)er*ectly 
wiiite.  A  No.  6  or  No*  8  sieve  yields  the  most  desirable  size  of  gran- 
ules, from  which  the  fiue  particles,  which  are  invariably  fotmed 
along  with  the  e<iarser^  can  W  readily  seimrated  by  shaking  in  a  No. 
20  or  No.  30  sieve. 

All  effervescent  powders  must  be  preserveil  in  welbstopj>ere<l  lx»t- 
tles,  in  a  dry  plat^e,  as  they  are  inclined  to  attract  moisture  from  the 
air,  and  thus  rapidly  deteriorate. 

Of  the  four  elTervescent  salts  recognizetl  in  the  Pharmacopceia, 
three  are  diret*ted  to  Ije  prcpure<l  in  granular  form,  and  one  is  simply 
a  dry  mixture  of  the  |H»wderHl  ingnHlicnts.  The  following  is  a  list 
of  tlie  otticial  prepnnitions  of  this  cIxh^s  and  their  corupusition  ; 
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Litiiii  rUras 
Eflervescena 


M»Kne«fii  Ciiras 


Etferve*cen» 


(Lithium  Curbomite 
Sodium  Bicarbonate  . 
.   (  iirif  Acid 

[  Sugiir,  §utUcient  ijuanlity  lo  make 
Magnesium  Carbonate 
Citric  Acid 
Sodlutn  Bioirbottnte 
Siigmr 

Futasstum  BiearljoiuU4« 
Citric  Acid 

Special  Hemarke. 


70  Qm* 
10  Urn* 


nil   " 


Cttfeina  ( 'Urala  EferrtsceuH^  The  i*harmacopreia  very  appro- 
priatc*ly  calls  tliis  prejwimtion  ^*  Etfervescent  Citratctl  CaffeiDe/ *  sinee 
no  drfitiite  rlieiutnil  <-omiHHUKl  b  formed  Ix^wet'u  the  caffeine  aDcl 
citric  ndd,  aitlioui^li  the  t^olubility  of  tlie  former  is  greatly  iucreased 
by  the  prpj^em^  of  the  acid. 

IMhii  Citras  EJen^scem,  Th  is  preparation  is  not  oflScially  directed 
to  be  in  granular  form,  the  well-dried  ingredients  bt'ing  simply  misteil 
in  fine  powder-  Lithium  eitrate  is  nut  present  in  the  mixture,  but 
is  formed  at  the  time  of  solution  of  the  powder,  nor  can  the  ejcart 
quantity  of  sugar  necessary  1>e  stated  in  the  formuUi^  since  the  Plmr- 
niacopa>ia  diret*ts  the  citric  acid  to  be  tritunit^'d  with  some  of  tho 
sugar  and  the  mixture  to  be  thoroughly  dritnl  ;  and,  as  citric  acid 
oootain^  alwiut  8  per  cent,  of  water  of  crvsta  111 /Litton,  the  loas  of  this 
(wholly  or  in  part)  by  dryiujj  must  be  replaced  subsecjuently  by  addi- 
tion  of  sugar.     A  sli^dit  ex^x'ss  of  citric  luid  (about  |  percent,)  ts 

|>resent  in  the  finished  product,  which  adds  t<i  the  agreeably  acida- 
otH  taste  of  the  premration  when  dissolved  in  water. 

Mtif/nmi  (HirftM  jC  i/f.      In  oHer  to  oldaiti  a  granular  salt, 

wliicli  is  n'adily  and  ly  Siduble,  it  is  imfiortuut  that  the  offi- 

cial dinn^tions  be  chus^'iv  iollownL  The  addition  of  an  excess  of 
citric  acid  to  t!ir  magnesium  carbonate  insui^es  the  formation  of  a  very 
aoluble  acid  magnesium  citrate,  provided  the  prescribed  (|uanlity  of 
water  only  be  used  and  the  temperature  of  30^  C\  (Sfi^  F.)  In*  not 
exccM?ded  during  evaporation,  otherwise  the  far  less  soluble  normal 
salt  is  apt  to  t)e  pnxluced,  causing  trouble  in  the  fininliKl  prtKluct, 
The  remainder  of  the  citric  acid  should  Ik»  powdere*!  sejiaratelv  and 
then  mixed,  without  pressure,  with  the  sodium  bicar}K)nate  and  sugar; 
lastly  the  finely  powdered  magtiestum  citrate  is  added.  The  citric 
acid  necessary  for  cc»mplete  decomposition  of  the  alkali  bicarlxuiate 
is  derived  in  jjart  from  the  acid  magni^ium  salt;  :'  '  u  thU 
changes  tlic  character  of  the  latter  compound,  its  read  v  iity  t%i 

neverthelc.«*s  preserved  by  the  newly  formf.*<l  scKliurn  citralc. 

In  England  i-iTcrve^'ent  magticsium  8ulphute  is  extensively  used, 
and  a  similar  preparation  is  al^j  sold  in  this  country:  The  liritish 
PlmmiacoiKeia  dinx^ts  that  10  parts  of  ervstallir/Hl  nnigncsinm  sul- 
phate shall   l»e  heated  at  54.4-  t\  (130^   ¥.)  until  reilucc«i  to  aboat 
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three- fourths  of  its  weight,  when  to  the  powdered  residue  are  to  be 
added  2.1  parts  of  sugar,  2.5  parts  of  citric  acid,  3.8  parts  of  tartaric 
acid,  and  7.2  parts  of  sodium  bicarbonate,  all  in  fine  powder;  the 
mixture  is  to  be  heated  at  between  93.3°  and  104.4°  0.  (200°  and 
220°  F.)  until  the  particles  begin  to  aggregate,  and  then  assiduously 
stirred  until  granules  are  formed. 

Potcumi  Giras  Efervescens.  The  proportions  of  citric  acid  and 
potassium  bicarbonate  directed  in  the  official  formula  are  just  suffi- 
cient for  complete  decomposition,  hence  a  neutral  or  normal  salt  will 
be  formed.  When  the  ingredients  are  triturated  together  in  a  warm 
mortar,  reaction  at  once  sets  in,  owing  to  the  water  present  in  the 
acid,  hence  the  drying  must  be  rapidly  effected  to  prevent  too  great 
a  loss  of  carbon  dioxide.  The  paste  may  be  formed  into  granules  by 
rubbing  through  a  No.  6  tinned  sieve,  or,  if  dried  as  a  mass,  it  must 
be  subsequently  reduced  to  a  coarse  powder  in  a  mortar. 
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CHAPTER  XXXIII. 

OINTMENTS  AND  CERATES. 

Both  classes  of  these  preparations  are  intended  solely  for  external 
application ;  they  are  of  similar  composition,  of  unctuous  character, 
differing  however  from  each  other  in  degree  of  firmness  and  fusi- 
bility. While  the  U.  S.  Pharmacopoeia  officially  recognizes  the  dif- 
ference between  ointments  and  cerates,  this  distinction  is  not  main- 
tained, as  a  rule,  in  Europe.  The  British  and  German  Pharmaoo- 
pceias  designate  both  classes  as  ointments ;  in  France  the  term  pom- 
made  is  applied  to  all  ointments  made  with  a  purely  fatty  l)ase,  even 
if  a  small  proportion  of  wax  be  present,  while  the  term  onguent  is 
only  used  if  a  resinous  or  similar  substance  has  been  added,  the  name 
drat  being  reserved  for  mixtures  of  fat  and  wax  cH)ntaining  at  least 
as  much  wax  as  our  owu  cerates. 

In  the  preparation  of  ointments  and  cerates  it  is  of  importance 
that  perfectly  smooth,  homogeneous  mixtures  be  obtained,  and  that 
the  fatty  vehicle  be  absolutely  free  from  rancidity,  since  they  are  oflen 
applied  to  tender  excoriated  surfaces,  and  would  otherwise  prove  a 
source  of  irritation  instead  of  a  soothing  application.  Lumps  or 
gritty  particles  in  ointments  indicate  unpardonable  carelessness  on  the 
part  of  the  dispenser. 

Ointments  and  cerates  made  with  yellow  wax  or  resin  are  less 
liable  to  deterioration  than  when  made  with  white  wax,  since  the  latter 
during  the  bleaching  process  undergoes  incipient  rancidity ;  they  should 
be  preservcil  in  well-glazed,  covered  porcelain  jars  and  kept  in  a  dry, 
motlerately  cool  place.  The  true  porcelain  jars,  although  somewhat 
exi)ensive,  are  to  be  preferred,  as  they  are  strictly  impermeable  to 
grease  and  can  l>e  thoroughly  cleaned  with  hot  water  and  lye  when- 
ever empty;  the  author  had  a  set  of  these  jars  in  c*onstant  use  fi»r 
over  fifleiMi  years  without  ever  having  an  ointment  turn  rancid  in 
them,  (ilass  stock  jars  are  offered  at  a  much  lower  price,  but  will 
often  crack  while  Iwing  cleane<l,  jMirticularly  with  hot  water,  yet  they 
are  vastly  superior  to  the  onlinary  white  china  or  (jueensware  covered 
jar,  since  the  glazing  of  the  latter  soon  l)e<'omes  full  of  fine  cracks, 
through  which  the  fat  {>ermeates  and,  gradually  turning  rancid,  con- 
taminates the  (Contents  of  the  jar;  moreover,  no  amount  of  washing 
will  rt»move  the  rancid  greas(»  entirely  from  the  pon^s  of  the  jars, 
henc*e  they  soon  l)ecM)me  unfit  for  use.  The  swii^t  condition  of  oint- 
ments an<l  (vratt's  cannot  be  pri»scrve<l  without  proper  can*  and  clean- 
liness; unfortunately  these  pre(sintions  are  only  too  frequently  disre- 
garded by  pharmacists. 
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Ointmenta* 

On  acfomjt  of  their  soft  eon^LHtence,  ointments  are  better  auUed 
for  dire<.'t  applic-atian  to  the  skin  by  unction,  when*  becoming  lique- 
fied by  the  lic^at  of  the  Ixidy,  they  are  readily  absorbecL  They  may 
be  conveniently  divided  into  those  consisting;  of  plain,  unctuous 
boilies  and  those  coni[)osed  of  the  desire*!  remi\lia1  agent  mixed  with 
a  suitable  vehicle.  The  usual  vehicle  is  lard,  either  plain  or  benzoin- 
ated  (see  piige  IHl),  to  whicfi,  in  soutliern  latitudes  or  during  warm 
weather,  a  small  proportion  of  wax,  10  or  20  per  cent.,  is  often 
added;  liesides  lard»  lanolin,  petn>hitum,  aud  various  mixtures  of  oil 
and  wax  are  also  cn>f>loyed.  The  lard  to  Ix^  u?^ed  must  be  free  from 
impurities  (see  page  190)  and  correspond  tu  the  official  n*<|uin'meut8. 
Hydrous  wool-fat,  or  lanolin  (see  |i«ge  191),  is,  for  many  ointments, 
tlie  most  desirable  vehicle  that  can  l»e  chosen,  on  account  of  its  ready 
absorbability  and  its  capacity  for  taking  up  lar^  (|nantities  of  fluids 
(aqueous  sohuious  of  salt3^  as  well  as  glycerin  and  ak-oholic  lionids) ; 
moreover,  it  is  far  moi'e  stable  timn  laitl.  lanolin  can  rcaaily  lie 
combiner]  with  its  own  weight  of  water,  whereas  lard  takes  up  only 
alxjut  oue-tifth  of  its  weight  and  soft  |>araffins  not  more  than  10  |>er 
cent.  Although  petrolatum,  vaseline,  and  similar  soft  paraffins  are  well 
adapter!  as  ointment  bases,  on  ac-count  of  their  indifferent  chemical 
natun?,  they  are  illsuited  in  some  cases,  owing  to  their  very  slow  and 
imperfect  al^sorption. 

The  otficial  glycerite  of  starch  is  sometimes  used  by  physicians 
under  the  name  of  jifasma  or  pkumia  glifcerhii  as  a  vehicle  for  oint- 
mentSf  in  place  of  lard  or  petrolatum.  It  possesses  the  advantage  of 
not  being  of  a  fatty  nature,  and  hence  easily  i*cmovti:l  by  washing  with 
water,  and  never  l>ecoming  rancid;  but  as  it  is  sotnewliat  hygrosc*opie 
it  must  be  preserved  in  well -t^iosiHl  jars.  It  is  especially  ))referred 
by  oculists  for  the  applinUion  of  lend  acetate,  merrnric  oxide,  and 
similar  substances  to  the  eyelids.  A  similar  but  stimewhat  firmer 
preparation  is  the  glycerin  ointment  of  the  German  Pharmacopoeia, 
also  known  in  Europe  as  glyt^rolate.  It  is  pre}>are€l  by  rubbing  10 
(im.  of  wheat  starch  info  a  snuMith  mixture  with  15  ( tm.  of  water, 
adding  KXI  Gnj.  of  glyc«erin,  and  finally  a  mixture  of  2  (tni.of  ik)w- 
dereil  tragacantb  and  5  (im.  of  alcohol  ;  the  whole  is  heated  on  a 
steam  bath  or  over  a  direct  fire  with  constant  stirring  until  the  alcohol 
has  all  i)een  dissipated  and  a  trans|jarent  jellydike  mass  results. 

Dermatoltigists  have  long  been  looking  for  an  ointment  base  or 
vehicle  which,  while  non-irritating,  should  not  l>e  of  a  grcjisy  nature 
if  possible,  so  as  tu  "  fs  use  more  convenient  ami  agreeable  to 

pnticnts.     Numerou-  unts  have  l>een  snggestitl,  such  i^  sol  vine 

or  iK>lysolvc  and  olcilc,  which  arc  alkali  sulpho  ricinolcntes,  and  as 
sucli  niisi^ible  witli  water,  gclatolc,  a  mixture  of  oleitcand  gelatin,  and 
sinular  semi-solid  prt*parations^  to  be  applieil  in  the  form  of  a  thin 
layer  or  varnish-likc  i^oating.  The  UKwst  successful  in  this  ix'sixtt 
ap(>eara  to  have  kt-n  a  vehicle  composed  of  iastun,  glycerin, and  soft 
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tnrafTin,  whirh  i«j  used  in  EiirojK*  under  thc^  niiiiie  uiifjucnfum  caMeini. 
Jotbrtunately  the  nxari  proportions  of  the  ingredienliJ  and  the  mode 
of  combiuing  them  are  kept  a  ^ec^ret  hy  the  maniifaetiirers,  but,  aword- 
ing  to  their  pubh'shed  statements,  pure  ea&ein  h  dissrjlvwl  in  water 
by  means  of  a  small  (pmnlity  of  potassium  or  stxliiini  hydroxide,  the 
Violation  being  then  mixe(J  witli  glyeerin  and  vaseline  or  soft  petro- 
hituni  and  the  resnhing  white  emulsion  further  preserved  by  Ix-n- 
zoinating  it ;  the  tinishtxl  preparation  resembles  very  soft  cM>ld  ert*ani 
or  thiek  condeDsed  milk,  and  is  said  to  be  i-eadily  remove<l  from  the 
»kiu  with  water. 

As  regank  the  mode  of  preparation  of  ointments,  thi-ee  diatitiet 
methods  are  followed^  namely,  by  fiLsiun,  by  ineorporatiou  of  the 
medieinal  u^ent  with  a  suitable  velnele,  and  by  ehemic^l  action. 
When  ointments  are  to  l>e  made  by  fusion  those  eon»tituents  having 
the  highest  fuaing-point,  aa  resin,  wax,  and  8j>ermaceti,  should  be 
heated  first,  and,  when  nearly  inelt€<l,  the  lanl  or  oil  addwl,  bearing 
in  mind  that,  as  long  as  some  of  tlie  particles  remain  unmel(e«l,  there 
is  no  danger  from  the  continued  application  of  heat,  vvlilch  should, 
however,  be  withdrawn  in  time  to  avoid  a  rise  in  tempimture  of 
the  meltcfl  fats  (»?cc  |>age  85).  Fusion  of  ointments  is  prefenibly 
performed  on  a  waterdjath,  in  round-l>ottom  jwms  or  evaporating 
uishcg^  and,  if  dirt  be  pre8<*nt,  the  melted  mixture  may  be  dei'anted, 
or,  if  ne(*e4?8ary,  stmine<l  through  cheesedotli  into  a  previously 
warmed  dish  or  mortar;  the  licjuid  should  then  l>e  stirred  until  a 
homogeneous  soft  mass  results,  after  which  it  may  be  set  aside  and 
allowed  to  stiiTen  by  further  gradual  ccvoling.  The  stirring  of  melted 
fats  while  cooling  is  essential  to  insui-e  a  perfectly  smooth  pnidud^ 
since  fafc^  are  c*omposed  of  solid  and  liquid  bodies,  whichj  during  the 
cooling  proc^ess,  bewme  partially  separated,  producing  a  granular 
iMilid  i>n  congealing,  if  ulloweil  to  cool  at  perfect  rest,  as  may  be  seen 
in  the  ea^*  of  nlain  \nn\;  moreover,  in  a  miicture  of  melted  fata, 
those  having  a  higher  futiing-point  would  naturally  ci.»ngeal  earlier 
than  the  rest ;  therefore,  unhi^B  an  intimate  mixture  be  kept  up  by 
con««taut  stirring  sejiamtion  would  ensue  and  a  lumpy  ointment  result. 
The  jioint  of  danger  may  be  t^aid  to  have  been  pas,seil  when  ibi? 
melted  ointment  lias  so  tar  cooleiJ  down  under  c*t»ntinued  stirring 
that  a  uniform  thick,  creamy  mahs  is  obtained;  for  t^tirriug  a  brood 
wooden  spatula  will  be  found  advantageous.  When  large  quantities 
of  aqueous  liquida  are  to  be  incorporated  with  nielti*d  fat%  its  in  the 
c««e  of  rosic-water  ointment,  tlie  liquid  should  U*  warmeil  and  theii 
alowly  n<ld<Hl,  witli  eonMiint  trituration,  to  the  mixe<l  fats  pn*vioualy 
iamewli-  'Uelcssfn  '*  <I 

by  the  f^  ^  ^      ttc  in  gr^i  ,  ti 

sftiaoth  ointment.     The  fbllowing  ointments  are  olticially  dii^-ted  tct 
In*  mnde  bv  fui^ion  : 
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Name.  Composition. 

j^           ,                                     f  Lard        ....  80  Gm. 

Inguentum   .        .        .        .{  Yellow  Wax  .        .        .  20    " 

Spermaceti      .        .        .  125  CI  m. 

White  Wax    .                 .  120     " 

Aquffi  Rosa;                      .  -j    Expressed  Oil  of  Almond  600  Cc 

I    Stronger   Rose  Water    .  190    " 

[  Sodium  Borate  5  Gm. 

I^ad  Plaster  .         .         .  500  Gm. 

Diachvlon                        .  \   Olive  Oil                          .  490     " 

Oil  of  Lavender     .        .  10     " 

Tar         ....  500  Gm. 

Picis  Liquidae                  .  \   Lanl       ....  375     " 

■fellow  Wax  .        .         .  125     " 


{ 

r  Ta: 

.  \   La 

I  Ye 


The  addition  of  lK)rax  to  the  official  rose-water  ointment  jijives  the 
hitter  a  whiter  and  more  creamy  appearance,  but  at  the  same  time 
interferes  with  the  admixture  of  certain  chemicals,  such  as  calomel, 
yellow  mercuric  oxide,  etc.,  causing  discolonition  of  the  ointment. 
Vegetable  or  mineral  powders  cannot  be  mixed  in  quantity  with  rose- 
water  ointment  without  forcing  the  water  out  of  combination. 

Unless  the  lead  plaster  for  diacliylon  ointment  be  fresh  it  is  best 
to  remove  the  darkened  dry  exterior,  thu.s  obtaining  a  lighter-colored 
and  softer  ointment;  the  oil  must  be  added  when  the  plaster  is  nearly 
melted  on  a  water-bath,  and  a  better  mixture  will  result  if  the  heat 
Ix*  continued  for  5  or  10  minutes  afterward,  so  as  to  blend  the  oil  and 
plaster  more  thoroughly.  The  melted  mixture  must  be  stirred  until 
creamy,  when  the  oil  of  lavender  may  he  added,  the  whole  transferred 
to  a  jar  and  allowed  to  cool.  Diachylon  ointment  is  preferably  pre- 
pared fresh  when  wanted,  as  it  does  not  keep  well. 

In  preparing  tar  ointment  the  tar  should  be  free  from  granular 
matter  and  not  incoriX)rated  with  the  mixture  of  lard  and  wax  until 
the  latter  has  been  cooled  down  to  the  condition  of  a  smooth,  soft 
ointment.  If  the  tar  be  added  to  the  hot  liquid  fats,  a  granular  oint- 
ment will  rt^ult. 

Ointments  prepared  by  incor|)oration  of  medicinal  aji^nts  with  an 
appropriate  vehicle  comprise  by  far  the  larger  number  of  official 
ointments,  and  practically  all  tho.se  prescril)ed  extemporaneously. 
Kenzoinattnl  lanl  and  simple  ointment  are  alone  directed  by  the  Phar- 
macop(pia  as  vehicles,  although  physicians  fre<juently  use  petrolatum 
or  the  commercial  products  known  as  vaseline  and  cosmoline;  when 
absorption  of  the  ointment  is  desired  wmJ-fat,  known  as  lanolin,  is 
dcHL'idetlly  to  Ik?  preferred.  All  substances  to  l)e  mechanically  incor- 
poratcnl  in  an  ointment  must  be  in  the  form  either  of  solution  or  an 
impalpable  powder;  the  latter  con<lition,  in  the  case  of  vegetable 
sulKstances,  can  be  attained  only  by  passing  the  powder  through  a 
^\w  bolting-cloth  sieve  (about  No.  120  or  150).  The  incorporation 
may  Ik'  effectcxl  either  in  a  mortar  or  on  a  heavy  glass  slab  l)y  means 
of  a  broad  spatula,  the  finely  powdered  sulwtance  being  first  mixed 
with  a  small  quantity  of  the  vehicle,  an<l,  when  a  sm(K)th  mixture 
ha.s  l)een  obtained,  the  remainder  addc»d;  while  an  ointment  slab  is, 
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as  n  rule,  preferred  in  this  country  the  mortar  is  us^  almost  excl 
eively  io  Europe,  au(K  tor  some  ointiueuts^  m  iu  fact  iudi5[>eQsabl€ 
particMilarly  when  siohutons  are  to  be  added. 

When  the  quantity  of  powder  to  he  addrd  is  large  it  will  prt»ve 
advantagHjus  to  melt  some  of  the  vehicle  ami  mix  this  w*ith  the  pow* 
^der,  in  a  warm  mortar,  before  adding  the  remainder.  Some  sub- 
ttanceft  can  be  conveniently  brought  into  a  smooth  condition  by  tri* 
turating  with  a  little  olive  or  expressed  almond  oil,  such  as  cjdomel, 
leiid  carbonate,  bismuth  subuitrate,  zinc  oxide,  etc.,  as  w^ell  as  ix*rtaiii 
crystallizable  lx)die.^,  like  mercuric  chloride  and  silver  nitrate;  fur  the. 
latter  a  little  oil  is  decidedly  better  than  water,  since,  upon  the 
gradual  evaporation  of  the  latter,  a  return  Vci  the  crystalline  state  is 
probal>le,  givinj^rise  to  the  presence  of  minute  gritty  particles  which 
would  f^use  irritation.  Opium  should  be  rubbed  smootli  with  about 
an  equal  weight  of  water,  and  then  at  onoe  incor(>orated  with  the 
fatty  vehicle  liefore  the  paste  begins  to  dry;  solid  extracts  are  treated 
to  like  manner,  enough  water  or,  iu  some  cases,  diluted  alcohol  beitis 
used  to  prcMluce  a  thick,  syrupy  liquid.  Some  salts  may  l)e  dis^lved 
in  water,  provided  they  ai-e  very  soluble,  as  jKitassium  iixlide,  while 
others  must  \ie  i^Uixnl  lo  an  impalpable  condition  by  trituration, 
as  lead  acetate,  tartar  emetic,  zinc  sulnhate,  etc.  Red  mercuric  oxidCy 
iodoform,  na[>htaleue,  and  boric  acid  may  be  triturated  with  «  few 
dro|)$  of  alcohol,  in  a  mortar,  until  rendereci  impalpable;  camphor 
should  he  p<iwdered,  by  the  aid  of  alcohol,  just  Ijcfore  it  is  to  l>e  used, 
and  addc<i  to  the  ointment  after  all  other  ingredients  have  Iwvn  in- 
iHjrponited,  since  it  is  soluble  in  tlic  fat  and  materially  softens  its 
consistence,  which,  in  the  cast*  of  solid  extracts,  %vould  interfere  con- 
siderably with  their  perfect  admixture. 

Imline,  b^tore  a*imixturc  of  fats,  is  prefenibly  dis»olv'e<l  in  a  ssiall 
quantity  of  water,  with  the  aid  of  a  little  |>otassium  iodide,  as  it  chq* 
not  rejulily  Iw  rublxfd  into  a  very  fine  powder  by  itself;  the  addition 
of  alnihol  is  sometimes  employed  to  facilitate  the  division  of  t\\t 
iodine,  but  this  plan  never  yields  so  satisfactory  an  ointment. 

When  IiMline  is  ordered  in  wimbination  with  mercurial  ointment, 
the  adilitlon  of  potassiuin  i(xlidc  is  unnect^ssary,  as  chcmir^l  nnioci 
will  take  placv  lM*t\v<H^n  tlic  iodine  and  merc»iry ;  the  |>ro|>er  plan 
would  t*e  to  nil)  the  itMline  into  a  fine  powder  and  then  add  a  portion 
of  the  men^urial  ointment,  triturating  well  until  the  it»dine  baa  did- 
api^eareii  and  the  change  in  color  indimtes  that  union  has  taken  ptaop, 
after  which  the*  rt^uainder  of  the  ointuient  may  I>g  inoorporatett  If 
an  cxtruH,  such  as  In^ludonua  or  stramonium,  is  also  to  be  added,  this 
alum  Id  '  ttely  uiixinJ  with  some  of  the  f^jii  and  then  addni  to 

the  pre\  !ure,  whei-ebv  a  much  l)etter  ointment  will  he  obtaini3d« 

Snbitance6  which  are  wholly  or  partly  nijluble  in  fats,  such  as  men- 
thol, salol,  rhrysarobin,  iM^nzoic  and  carb(»l!c  acids,  aristol,  napluol, 
and  the  like,  shotdd  1m?  triturated,  in  fine  ]v>wder  form,  with  a  por- 
tion of  the  vehicle  I'  '  '  Rafter  addition  (»f  the  re- 
mainder, the  mixtiii                                    illy  stirred   until  c^ld.     If 
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clilomJ,  thymol,  naplitol,  or  salol  be  ordered,  toy;etlier  with  camphor, 
iu  im  ointment,  the  two  Mibstanee^  must  be  triluratetl  together  until 
an  oily  tluid  results,  which  can  then  he  readily  iiicori>oratjed  with 
the  vehicle. 

Alkaloidal  salts  may  lie  incorporated  in  ointmentg  in  solution  in 
water  ur,  if  present  in  large  quantity,  may  be  addnl  in  form  of  a  very 
fine  powder ;  but  whenever  pure  alkaloids  are  ordei'ed  by  physicians 
these  should  be  triturated  with  a  small  quantity  of  warm  oleic  acid, 
before  they  are  mixed  with  the  fatty  vehicle,  as  more  intimate  dis- 
tribution is  thus  effected  tlian  if  the  alkaloids  be  merely  rubbed  into 
a  smooth  paste  with  olive  or  almond  oil. 

GlyciTin  should  never  Ije  used  lU  place  of  oil  or  water  to  produce 
a  i^mooth  paste  with  vegetable  or  mineral  powders,  l>e<tiuse,  although 
derived  from  fats,  it  can  Ije  incorporated  with  them  p4:frmauently  only 
with  ditUeulty,  Wfien  glycerin  in  considerable  quantity  is  ordered 
to  be  added  to  on  ointment  c*ousisting  chietly  of  lard  or  a  raixtu»^  of 
lard  or  oil  with  wax,  the  addition  of  a  small  proportion  of  anhydrous 
wool-fat,  in  place  of  a  like  quantity  of  the  regular  vehicle,  will  ov^er- 
oome  all  difficulty  of  iucorporatiou.  A  similar  ex|^»edieot  will  prove 
most  valuable  when  large  quantities  of  aqueous  fluids  are  to  be  in- 
corporated in  ointments,  or  in  the  case  of  alcoholic  liquids  whirh,  ordi- 
narily, mix  with  fats  with  great  difficulty.  The  pharmacist,  iu  pre- 
paring ointments  containing  fluids,  must  so  combine  the  constituents 
that  a  perumneut  homogeue<Mis  mixture  rt^sults^  from  which  the  fluids 
will  not  separate  on  sstandiug. 

It  will  be  found  very  convenient  to  keep  on  hand  anhydrous  wool-fat 
for  the  purposes  al)ove  stated;  it  is  readily  prepared  by  beating  some 
of  the  commercial  lanolin  (containing  about  30  {>er  cent,  of  water) 
on  a  water-bath}  until  it  ceases  to  lose  weight. 

When  two  or  more  ointments  having  diiferent  fusing- points  are 
to  be  mixed,  the  firmer  should  always  \mi  rubbed  down  by  itf^lf  first, 
and  the  sotler  fats  be  then  in<^^rporatcd  in  small  quantities  at  a  time, 
otherwise  an  imjicriwt  mixture  results.  A  mixture  of  mercurial 
ointment  with  lanl  or  simple  ointment  offers  an  example;  in  cold 
weather  this  mode  of  pnKH?dure  is  all  the  more  imperative;  it  should 
abo  be  followed  when  anhydrous  wool-fat  is  to  be  mixed  with  softer 
fats^  as  the  former  is  usually  somewhat  tougli. 

Whenever  suli^tauces  likely  to  attack  metal  arc  oixlered  in  oint- 
ments the  intH>rponition  with  the  fatty  vehicle  should  never  1m 
made  witli  steel  a|>a tolas,  bnt  always  with  horn  or  nibl>er-coatetl 
oni*8;  the  latt4?r  vx\x\  now  W  had  quite  pliable^  and  are  admirably 
adnptinl  for  ointments  contniniug  tunnic  acid,  iodine,  mercuric  chlo- 
ridi*,  vU\ 

The  Pharmacy »pi»ia  dircf-ts  the  folUjwing  eightix^n  ointments  to  Ik? 
prepsirtd  bv  incorjioration  of  the  metlicinal  jigent  with  the  fatty 
%'ehiele;  of' the  latter,  except  in  one  case,  l)enzoinnted  lartl  ami  the 
official  simple  ointment  alone  are  used  : 
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Actire  Ingredleut. 

Vehicle, 

Carbolic  Acid  .        .        .        . 

.    T)  per  ct. 

Ointment. 

Tannic  Acid   .        .        .        . 

20 

ti 

lienzoinated  Lanl. 

Extract  of  Bella<lonna  Leaveti 

;  10 

u 

i<            (( 

(.'hrysarobin    .        .        .        . 

5 

ti 

t(                     u 

Powdered  Nutgall  . 

.  20 

u 

It                   n 

Mercurk' 

,  oO 

it 

I^ard  and  Suet. 

Ammoniated  Mercury    . 

10 

i( 

Henzoinated  Lard. 

Yellow  Mercuric  Oxide  . 

10 

(( 

Ointment. 

Red  Mercuric  Oxide 

10 

1. 

(( 

Iodine 

,    4 

(( 

Benzoinated  Lard. 

Iodoform         .        .        .        , 

.  10 

« 

i<            ti 

I..ead  (;url)onatc 

.  10 

u 

u               u 

Lead  Iodide    ... 

.  10 

(( 

tl                « 

Potassium  Iodide    . 

,  12 

(( 

tt                ti 

Extract  of  Stramonium  Seed  , 

.  10 

(( 

tt                   u 

Washed  Sulphur 

.  30 

u 

t<              <t 

Veratrine        ... 

.    4 

« 

tl              tt 

Zinc  Oxide      . 

.  20 

•( 

tt              ti 

Name. 
Unguentum : 
Acidi  Carbolici, 

Tannici, 
Belladonme, 
Chrvsarobini, 
Gallic, 
Hydra  rgyri, 

Ammoniati, 

Oxidi  Flavi, 

Oxidi  Kubri, 
lodiy 

lodoformi, 
Plumbi  Carbonatis, 

lodidi, 
Potassii  lodidi, 
Stramonii, 
Sulphuris, 
Veratrini, 
Zinci  Oxidi, 

The  official  directions  acconipanying  each  formula  and  the  general 
directions  given  alcove  are  sufficiently  explicit  to  insure  satisfactory 
ointments,  therefore  further  comment  is  unuecessary,  except  in  two 
or  three  cases. 

The  extinguishment  of  mercury  by  means  of  oleate  of  mercury, 
in  the  preparation  of  mercurial  ointment,  is  readily  effected  by  tri- 
turation in  a  mortar  on  a  small  scale,  but  large  manufacturers  prob- 
ably follow  the  plan  of  prolonged  agitation  in  suitable  vessels.  When 
the  globules  of  mercury  have  l)e(X)me  invisible  the  mixture  of  lard 
and  suet,  melted  and  partly  cooled,  is  easily  inror|>orated.  The  com- 
mercial variety  of  mercurial  ointment,  known  as  one-third  mercury, 
is  nearly  17  \>ev  cent,  weaker  than  the  official,  and  should  not  \ye  used 
in  prescriptions.  In  very  warm  weather  mercurial  ointment  may 
become  almost  liquiil,  and  is  then  liable  to  loose  mercury  by  separa- 
tion, hence  the  necessity  for  keeping  it  in  a  cool  place.  When  mer- 
curial ointment  is  prescribed  in  divided  d()S(s  by  physi(^ians»  eacii 
portion  should  be  separately  weigheil  on  paniflin  or  parchment  paper, 
and  then  folded  as  dinn^ted  in  the  chapter  on  powders. 

Ointment  of  red  oxide  of  mercury  is  apt  to  l)ecome  discolored 
when  rancid  :  hencv,  if  it  is  to  Ih»  kept  on  hand  for  some  time,  a  better 
vehich'  than  lanl  an<l  wax  may  l)e  employ(Hl.  A  mixture  of  (»ne  part 
of  yellow  wax  and  three  parts  of  castor  oil  will  not  turn  rancid,  and, 
if  with  this  Ik*  incorporated  the  proper  proportion  of  finely  |>ow- 
denil  rtnl  mercuric  oxide,  the  ointment  i-an  i)e  k(^pt  for  months  with- 
out <'hanji:e. 

The  addition  of  sodium  thiosulpliat*'  (hyposulphite')  to  ointment  of 
potassium  i(Kli<le  is  for  the  purpose  of  pnsi'rvin*:  its  white  apiiear- 
anc(»;  without  this  additi<m  it  will  turn  yellow  and  Hnally  brownish, 
owing  to  a  gra<lual  liU^ration  of  iodine.  In  the  formula  of  the 
British  Pliarmacop<cia  potassium  ciiri)onate  i>  (lin'cte<l  to  Ik?  addeil 
for  the  Kuni*  purpose. 

Of  the  ointments  ma<h'  by  chemical  a<'tion,  the  olficial  ointment  of 
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ffnerenrif  nilrato  is  a  strikitiHr  example.  When  lard  oil  is  heated  and 
mixed  with  nitric  acid,  the  former  undergoes  oxidation  at  the  expense 
of  tlie  aeid,  olein  hc\n}i  converted  into  a  new  compound,  solid  at 
oitliuarv  temiieratures?,  known  as  elaidin,  the  terra  olein  being  usually 

i applied  to  the  fluid  constituent  i»f  fat  and  fixed  oils.     The  ineor|Kira- 
*^Ml  of  the  solution  of  mercuric  nitrate  sulisefjuently  with  theelaidin 
simply  a  ujechani<*al  admixture,  the  solution  having  no  chemical 

[effect  whatever  on  the  fat.  It  is  essential  that  the  nitric  acid  \te  of 
official  strength »  and  that  heat  be  reapplied,  if  necessary,  to  complete 
the  oxidation  of  the  fat ;  the  heat  of  a  boilin<j:-water4iathonly  should 
be  used,  however,  as  over  a  direi't  tire  dtH*om  posit  ion  of  the  lat  is  apt 
to  ensue  and  a  dark  brown  comp«Hjnd  result,  whereas,  on  the  water- 

f  bath,  not  more  than  a  deep  orange  col(>r  h  prmlucetL  The  oxidation 
of  the  lard  oil  goe^  on  (|uietly,  and  is  known  to  be  ended  when  eifer- 
vescence  ceases  and  a  soft  solid  mass  is  obtained  upon  cooling.  The 
solution  of  mercury  in  nitric  acid  can  be  made  in  the  cold,  and  may  \ye 
warmed  finally  to  expel  any  colored  gas  that  ban  bc^n  retained.  If 
the  fat  has  been  properly  oxidized  and  cooled  down,  a^  direct eil  in 
the  Pharmaco|Keia^  tne  mercuric  nitrate  solution  will  not  mffvr  re- 
duction when  added,  and  a  brisrht  lemon-yellow  ointment  will  result, 
if  ihe  mixtuiv  be  stirred  until  cold  with  a  glass  or  wood  Hjxitula. 
Ointment  of  nitrate  of  mercury  shouhl  never  Ijc  brought  into  con- 
tact with  metal,  to  avoid  precipitation  of  finely  divide*!  mercury. 

Another  instance  of  chemical  reaction  in  the  preparation  of  oint- 
ments is  in  tlie  original  formula  for  Hebra's  (untment;  lead  oxide  is 
hinted  with  olive  oil,  in  the  presence  of  water,  until  all  the  oxide  has 

^chemtcally  combined  with  the  fatty  acids  derived  from  decomposition 
of  the  oil,  the  newly-formed  lead  oleate  remaining  intimately  mixed 
with  the  excess  of  oil  and  the  glycerin  1  liberated  from  the  fat.     The 

I  detMirupositio!!  taking  plaiv  will  be  more  fully  ex phiirie<l  un<ler  the 

head  »if  Sapoui  Heat  ion  in  Part  III,     The  original  Hel>ni*s  ointment 

ditfen^  fr«>m  the  otlicial  diaeliylon  ointment  in  oontaiuing  some  free 

glycerin. 

OintnuMits  ehonld  always  be  di8[)enBed  in  glass  or  }><iiH^lain  jars 

Srovidt^  with  suitable  covers ;  if  the  latter  Ix?  of  metal  or  wt>od,  a 
ijik  of  heavy  paraffin  (mper  should  l>e  inserted  to  avoid  txmtact  with 
the  fatty  ^ubntance.  Under  no  circumstances,  except  wht^ri  intend^I 
/or  imniediak  use  only^  should  ointments  be  put  up  in  wood-boxes,  as 
the  filt  will  readily  i>cnetrate  the  materiab  and  thus  become  oxpo9e«] 
to  oxidation  by  the  air.  When  ointment  jars  are  returned  to  be  re- 
filliil  they  should  be  carefully  wi|)ed  out  with  soft  paper  and  washed 
thorouirhly  Ix'fore  the  new  ointment  in  put  in;  a  fresh  disk  of  paraffin 
pai>ci  i^liould  also  be  in6*?rtwl  and  a  new  label  l>e  put  on  the  jar  if  the 
old  one  has  Ijecome  iioile<l. 

To  cleanse^  the  apjianittis  in  or  on  which  ointments  have  been  pre- 

jmretl  the  best  plan  is  first  to  wi(>eoff'all  remaining  gresisc^  with  cletm 

.Bawdust  or  soft  pamT  and  then  to  wjish  it  well  with  warm  water  and 

*yu  or  6onp»     In  the  aisc  of  itKloforni  ointment  a  few  ilrops  of  oil  q( 
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turpcDtinc  will  remove  the  characteristic  odor  readily,  as  already 
stated  on  page  316. 

Cerates. 

This  class  of  pre))aratious  differs  from  ointmeuts  in  the  presence 
of  a  considerable  proportion  of  wax,  and  frequently  also  of  resin 
or  oleoresinous  substances.  Cerates  are  intended  to  be  applied  as 
dressings,  usually  spread  on  linen  or  soft  leather ;  while  they  become 
somewhat  softer  at  the  temperature  of  the  body,  they  do  not  liquefy, 
and  are  intended  to  act  only  locally.  What  has  been  said  l)efore  re- 
garding the  preparation  of  ointments  by  fusion,  and  also  their  pre- 
servation, applies  likewise  to  cerates ;  owing  to  their  firm  consistence 
the  latter  are  not  well  adapted  to  admixture  with  ix)wdered  sub- 
stances, altliough  fluids  are  sometimes  incorporated  with  them. 

The  Pharmacopoeia  recognizes  six  cerates,  which,  with  the  excep- 
tion of  the  cerates  of  lead  subacetate  and  of  si)ermaceti,  are  usually 
carried  in  stock  by  the  pharmacist.  Two  of  the  official  cerates  con- 
tain resin,  and,  in  these,  yellow  wax  is  also  used ;  hence  there  is  no 
danger  of  rancidity.  The  other  four  are  made  with  white  wax  and 
lard  or  oil ;  if  benzoinated  lard  were  used  in  place  of  plain  lard,  these 
cerates  would  keep  much  better. 

The  following  is  a  list  of  the  official  cerates,  showing  their  com- 
position : 

Name.  ComiKMitton. 

coratu™    .    .    .    .{)^^'«^^'";    :    :    :  -f«p-^- 

[Camphor  Liniment  .  10  " 

White  Wax.  .  30  " 

I^rd 60  " 

r  Powdere<l  CantlmrideH  .  32  " 

Yellow  Wax  .  18  " 

Cantharidis    .        .        .  -I    Kesin   .        .        .        .    '    .  18  " 

I    I^rd 22  " 

[  Oil  of  TuriHintine  .  10  " 

{Spermaceti  .  .  10  ** 

White  Wax.         .  .  So  " 

Olive  Oil 55  '' 


T>i.,«a«-  K:.,iv«^.*.t:u  i  »*^lution  of  Lead  Suhacvtate    20 

Plumbi  feubacetatis         •  |  Camphor  (  enito  .         .         .     80 

{Kesin  ...  3.") 
Yellow  Wax  .15 
I^rd 5<J 


Camphor  cerate  contains  but  2  |)er  cent,  of  camphor,  and  is  useil 
only  in  the  pn»paration  of  (foulard's  <vrate;  the  amount  of  camphor 
is  not  sufficient  to  imi>art  marked  medicinal  pro|>orti(s  to  the  cerate. 

In  the  formula  forcantharides  c«'rate  the  powdtTcnl  <'anthari(les  are 
dinvt<'<l  to  Ih»  nuKvrated  with  oil  of  turpentine  \\\v  forty-eitrljt  hours 
l)efon»  adding  the  lard,  wax,  and  n'siii,  pn»viously  melt< d  toother,  for 
the  purpose  of  facilitating  the  subsecpient  sohition  of  the  l)listering 
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principle  in  the  fats,  as  turpentine  is  known  to  exercise  a  ready 
solvent  effect  on  cantharidin,  the  active  principle  of  Spanish  flies. 
The  excess  of  turpentine  is  dissipated  during  the  subsequent  diges- 
tion on  the  water-bath,  and,  as  the  powdered  cantharides  are  not  re- 
moved by  straining,  it  is  important  that  the  mixture  be  continually 
stirred,  when  removed  from  the  bath,  until  cool.  In  Great  Britain, 
France  and  Germany  this  cerate  is  known  as  Emplastrum  Can- 
tharidis  or  E.  Vesicans. 

The  incorporation  of  solution  of  lead  subacetate  with  camphor 
cerate,  in  the  preparation  of  Goulard's  cerate,  is  more  easily  accom- 
plished, especially  in  cold  weather,  if  the  camphor  cerate  be  first 
softened  a  little  by  trituration.  The  finished  product  contains  about 
5  per  cent,  of  basic  lead  acetate  and  1.6  per  cent,  of  camphor. 

The  official  resin  cerate  congeals  as  a  perfectly  homogeneous  mix- 
ture upon  cooling  without  stirring  on  account  of  the  large  propor- 
tion of  resin  and  wax  present;  stirring  of  the  melted  and  strained 
mixture  is,  in  fact,  not  desirable  in  this  case,  as  it  incorporates  con- 
siderable air.     Resin  cerate  gradually  grows  tougher  by  age. 


CHAPTER   XXXIV. 

LINIMENTS  AND  OLEATES. 

These  preparations  are  closely  allied  to  those  described  in  the  pre- 
ceding chapter,  being  also  intended  only  for  external  use. 

Liniments. 

Liniments  are  fluid  or  semi-fluid  preparations,  usually  in  the  form 
of  solutions,  although,  in  some  instances,  merely  mechanical  mix- 
tures, the  solvent  or  vehicle  being  either  a  fixed  or  volatile  oil  or 
alcohol,  which  latter  is  sometimes  mixed  with  w^aUT.  They  are 
always  applied  to  the  skin  by  friction,  and,  when  me(*hanical  mixtures 
only,  require  to  be  well  agitated  before  they  are  applied.  The  pres- 
ent Pharmacopoeia  recognizes  nine  liniments,  of  which  four  are  of  a 
fatty  nature,  while  five  are  alcoholic  or  hydro-alcoholic  solutions ; 
with  two  exceptions,  they  are  usually  preiwired  extemporaneously, 
although  they  keep  well. 

When  fixed  oils  are  shaken  with  aqueous  solutions  of  alkalies,  par- 
tial decomposition  of  the  fat  takes  place,  and  an  emulsion-like  mixture 
results,  in  which  the  remaininj^  oil  is  kept  in  perfe<^t  sus[)ension  by 
the  newly  formed  soap;  such  liniments  thicken  considerably  by  age, 
which  it  is  intended  to  provide  ajr*iinst  in  tiie  official  formula  for 
ammonia  liniment,  by  the  addition  of  alcoiiol.  If  the  fixed  oils  used 
are  frt»sh  and  jwrfiw-tly  swet^t,  they  are  but  little  acted  on  by  alkalies 
in  the  cold,  hence  the  pre]>aration  of  a  |)erfe('t  liniment  l)ecomes  diffi- 
cult. 

The  following  is  a  list  of  the  official  liniments: 

N.iiiii*.  ConiiH>8iti«»u. 

(  Aininonia  Water       .         .     3»")  Cc. 
Liniincntuin  Ainiiionuc      .         .  '.   CottDii-stHHl  Oil  .     <>0     ** 

(  Alcohol     .  .         .       5     ** 

I  <  ainplior  .         .  .       '>  Gm. 

Ik*llatl<nin:i'  .         .         .•    Fluid  Kxtract  of  IWlhulonna, 

I      Mitiicii-nt  ti»  iiijike  .         .  100  Cc 

/■  1  •  ^   Limo-water  )   ,/•  ^     i  rj\  t" 

'•■''"^ l  lanx-e,l()il  t"^''"^^'       '     "O  <-<^- 

.,1  f  rainplmr  ....     20  Gm 

lan,,.l,<.r.-.         ..        .         •  \  o.,,.',,,.^,,..!  oil  .         .     SO     " 


<'hlon»fnrini 


f  Chloroform       .         .         .     aO  (.'c. 
\  Soap  l/miincnt .         .         .70     " 


f  8<:)fl  »So«p 
(Jil  of  Lii vender 
Aleohol    . 
VV»ier  »uffi«neoi  to  make 

VobtUe  Oil  of  MusliLrd 
Fluid  Extract  of  MeKerciim  30  ^* 
CafiH^lior  ,  .  .  .  (5  Om 
Cuator  Oil  *  .  ,  15  Cc, 
Aleohol  gfifBdent  to  moke  100     ** 


7Giu, 

•L5'* 

1  Cc. 

75    ** 

100    ** 

♦45  Gm 

H  Cc. 

30     " 

IW)    ^* 

3  Cc 

Kesiii  Cerate     , 

Oil  of  TtirpcntiiK 


Special  Reiaarks. 


65  Gm. 
35     " 


The  cotton-seed  oil  of  the  market  does  not  seem  well  adapttxl  for 
the  preparation  of  ammonia  liniment,  separation  into  two  distinct 
layers  invariably  oecurriog  in  the  official  mixture ;  if  the  cotton-seed 
oil  be  replaced  in  part^ — 15  or  20  per  cent. — by  olive  oil,  and  particu- 
larly common  olive  oil,  which  usually  contains  some  free  fatty  acids^ 
a  much  more  satisfactory  liniment  will  be  obtained.  Ammonia  lini- 
ment is  also  known  as  volatile  liniment,  from  the  volatile  nature  of 
tlie  alkali  used,  Camphorateil  ammonia  liniment,  recugnized  in  the 
German  and  French  Pharmaoopoaias,  is  made  from  camplior  liniment 
in  place  of  plain  fixed  oih 

In  the  preparation  of  camphor  liniment,  the  solution  of  the  cam- 
phor can  be  materially  hastened  by  placing  it,  with  the  oil,  in  a 
strong  bottle  and,  ailer  corking  the  same  ^securely,  digesting  the  mix- 
ture on  a  water- bath  at  a  moderate  heat. 

Chloroform  liniment  of  the  United  States  PbarmacopiBia  differs 
materially  from  that  of  the  British  Pliarmacopceta  *,  the  latter  is  a 
mixture  of  equal  volumes  of  chloroform  ami  camphor  liniment,  A 
very  popular  prei>a ration,  knowu  aa  Compound  Chloroform  Lini- 
ment, is  comj>cjsed  of  one  volume  each  of  culorofonn  and  tincture  of 
aix>uite  and  six  volumes  of  soap  liniment. 

Powdert?d  soap,  as  direi'te*!  in  the  Pharraaa^meia,  is  to  l>e  much 
preferred  in  making  soap  liniment,  on  account  ot  the  variable  quan- 
tity of  moisture  present  in  the  official  soap.  The  liniment  can  be 
more  quickly  prejiared  if  the  ^^^^ap  l»e  heated  with  about  three  times 
its  weight  of  water^  in  a  di?^h,  on  a  water-hath,  until  a  uniform  gelat- 
inous ma^  results,  which  will  tlissolve  almost  immediately  when 
mixed  witli  one-half  the  prescrilied  quantity  of  alcohol ;  the  cam- 
phor and  the  oil  of  rosemary  having  been  dissolved  in  the  remainder 
of  the  alcohol  by  agitation,  are  then  added  to  the  simp  solution,  fol- 
lowecl  by  sufficient  water  to  make  the  ret|uiri^d  volume.  The  official 
diit'ctions  to  s<ft  the  liniment  aside  in  a  cool  place  for  twenty*four 
houiii,  and  then  to  filter,  are  for  the  purpose  of  getting  rid  of  the 
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sodium  palmitate  always  present  in  castile  soap,  which  is  but  spar- 
ingly soluble  in  the  menstruum,  particularly  in  the  cold. 

Ihe  official  turpentine  liniment  is  also  known  as  '^  Kentish  "  lini- 
ment; only  a  mc<lerate  heat  should  be  employed  to  melt  the  resin 
cerate,  so  as  to  avoid  volatilization  of  the  oil  of  turpentine,  which 
must  also  be  added  in  small  quantities,  with  constant  stirring,  until 
a  smooth,  uniform,  opaque  mixture  results. 

Oleates. 

This  class  of  preparations  has  been  in  use  by  ])hysicians  in  this 
country  since  1872.  Normal  oleates  are  true  chemical  compounds  of 
oleic  acid  with  metallic  oxides  or  alkaloids,  but  the  oleates  medicinally 
employed  are  simply  mixtures  of  such  normal  oleates  with  oleic  acid 
or  some  other  diluent.  The  proportion  of  any  particular  metallic 
oxide  or  alkaloid  to  be  dissolved  in  oleic  acid  may  vary  with  the 
views  of  the  physician ;  but,  in  the  case  of  normal  oleates,  a  certain 
proportion  cannot  l)e  exceeded.  The  expressions  2,  5,  10,  or  20  per 
cent,  oleate  are  used  to  indicate  that  2,  5,  10,  or  20  parts  of  the  re- 
spective alkaloid  or  metallic  oxide  are  present  in  every  100  parts  of  the 
finished  product.  The  following  table  shows  the  amount  of  base 
combined  with  oleic  acid  in  100  parts  of  the  respective  normal 
oleates : 


Normal  Oleate  of  Iron  (ferr'c) 

8.9  per  cent 

.  of  anhydrous  ferric  oxide- 

a 

(( 

Copper 

12.7 

« 

"  oupric  oxide. 

4( 

(( 

Zinc 

12.1» 

t( 

"  zinc          * 

(( 

it 

Bismuth 

22.2 

i< 

"  bismuth  " 

♦' 

u 

Mercury 

28*4 

n 

"  mercuric*' 

it 

u 

Lead 

20.0 

(I 

"  lead 

" 

I. 

Morphine 
Atn)j>ine 

00.3 

:>o.() 

'*  morphine 
"   atropine. 

' 

C'ocame 

r)i.8 

" 

**  cocaine. 

'• 

u 

Quinine 

53.40 

l( 

**  quinine. 

(t 

n 

Strychnine 

51.22 

(( 

"   .•<tryclinine 

« 

u 

\'eratrine 

(>1.15 

(( 

"   veratrine 

« 

tt 

Aconitiiie 

60.0 

ii 

"   aconitine 

(The  last  named 

two 

proi)ortion8  are 

baised  on 

the  f( 

>nnula*  given  by  Pre«x)tt  for 

pure  accmitine 

and 

veratrine  ) 

From  thc*8e  normal  oleates  wraker  preparation.^  can  readily  be 
made  by  admixture  with  the  desired  diluent,  acx'ordinj;  to  the  well- 
known  rulealrea<ly  given  on  pjijjje  66.  Multiply  the  desired  quantity 
by  the  dewired  percentage  strength  and  divide  the  product  by  the  per- 
centage of  the  normal  oleate ;  the  quotient  will  indi(*ate  the  quantity 
of  normal  oleate  to  l)e  used,  and  .subtracting  this  from  the  dei«irecl 
cpiantity  gives  the  weight  of  the  diluent  nc<t?.^^ary. 

Solutions  of  alkaloidal  oleate.s  are  In-st  prcpnHl  by  triturating  ttie 
pn^scTilKNl  quantity  of  dry  alkaloid  in  a  .small  dish,  with  the  neces- 
sary weight  of  oleic  acid,  and  luxating  the  mixturc  somewhat  on  a 
water-bath  until  ]KTf(H»t  solution  results;  they  are,  as  a  rule,  of  2 
|)er  cent,  strength,  with  the   exception  of  morphine  and  cocaine, 


lasQlUy  of  5  p^r  cseut.  strength,  and  quinine  fmjuently  prescribed  uf 
26  per  cent,  sti-ength.  As  alkaloidal  oleates  are  always  intended  to 
aet  eonstitutionally,  and  therefore  mnat  be  abBorbed,  oleic*  acid  only 
should  be  u^etl  in  tlieir  prejmratioii,  and  no  other  diluent  Im?  added. 
The  necessary  amount  of  alkaloid  and  acid  for  any  given  weight  of 
solution,  can  be  quickly  calculated  by  the  rules  given  on  page  114 
under  Percentage  Solutions. 

The  solution  of  metallic  oxides  id  oleic  acid  is  effected  very  slowly 
even  with  the  aid  of  heiU,  hence  they  are  preferably  prepared  by 
mutual  det^m position,  by  adding  an  a<[ueous  .solution  of  the  metallic 
salt  to  a  solution  of  an  alkali  oleate.  The  precipitated  metallic 
oleates  are  then  washed  with  water  to  free  them  from  the  newly 
formed  alkali  salt  •  with  the  exception  of  mercuric  oleate,  they  may 
all  be  washed  with  hot  water,  two  or  three  washings  being  quite  suflB- 
cient,  but  for  mercuric  oleate  only  warm  w^ater  must  be  employed 
to  avoid  decomposition.  Metallic  oleates  arc  usually  prepared  of 
normal  sti\»ngth,  as  they  keen  Ix-tter  in  this  form  and  cnii  l>e  subse- 
quently diluted  as  wantcil.  (With  the  exception  of  mercuric  oleate, 
the  metallic  oleates  are  intended  for  local  medication,  bentx?  l)enxoiu- 
ated  laixl  or  soft  [lanifSuB  are  employed  as  diluents.  As  mercuric 
oleate  is  intended  to  l)e  absorbed,  no  other  diluent  than  oleic  a<'id 
should  Ip  used;  sometimes,  however,  physician*^  prefer  dilution  with 
lanolin.  i 

A  sonttion  of  castile  soap  is  very  often  used  as  the  alkali  oleate  in 
the  preparation  of  metallic  oleates,  es])ecially  those  of  lead,  copper, 
an<l  zinc ;  but  since  the  soap  is  a  sodium  oleopalmitate,  instead  of 
pure  sodium  oleate,  the  resulting  metallic  oleates  will  also  l>e  con- 
taminntf^l  with  paluiitates  ;  in  practice,  this  .slight  impurity  is  gener- 
ally disrepirded,  and  can  Im?  reduceil  to  a  minimum  by  allowing  the 
8c»ap  solution  to  stand  in  a  C04)l  place  for  tweuty-tour  hours  and  then 
filtering.  (  The  strength  of  the  soap  solution  generally  used  is  one 
onncx*  of  dry  soap  to  the  pint)  Purer  metallic  oleates  csin  be  ob- 
taiui^l  by  using  a  solution  of  s«:»dinm  oleate  made  direc»tly  from  offi- 
cial oleic  acid  bv  the  following  prm-e^s  :MVarm,  in  a  capacious  dish, 
1217  grains  of  oleic  acid  to  about  60^  or  65^  C.  (140^  to  149^  F.) 
and  add  slowly  irf2  grnin?^  of  official  soda  (90  per  cent,)di!^solved  in 
a  mixture  of  two  fluidounces  of  distilled  w*ater  and  six  fluidrachroa 
of  alcohol,  stirring  constantly  until  the  acid  is  neutralised,  which  is 
best  ascertained  by  testing  a  small  {>ortion  of  the  resultiniJ:  84»ap,  dij^ 
solved  in  alcohol,  with  a  few  drops  of  phcnolphttdcin  solution — not 
more*  than  a  faint  pink  tint  should  appear*  f  he  soap  h  next  die- 
8olve<l  in  three  pint^  of  water  and  filtenHlJ  A  solution  of  potiissium 
oleate  of  about  the  sanje  t^trcngth  may  be  obtained  if  to  one  pint  of 
boiling  water  be  adde<l  410  grains  of  |)otassium  bicarbonate  and 
afterward  115(1  grains  of  oleic  at^id,  the  mixture  l>c^ing  boiled  until 
the  acid  lias  all  been  taken  up  and  a  clear  sonp  solution  n-sults, 
which,  wlicn  tH3Ul,  is  diluti.^tl  t»»  three*  pints  by  ai  Id  it  ion  of  water.  To 
one  pint  of  citlicr  of  iIksc  nlKali  oKvitc  solutions  nuiy  U:  udilcd  ont^ 
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half  pint  of  a  metallic  salt  solution  containing  the  following  quanti- 
ties of  the  salt : 

For  one  pint  of  sodium  oloate  solution  : 

Lead  Acetate,  crystallized 273  grains. 

Copper  Sulphate,  crystallized 180    " 

Zinc  Sulphate,  crystallized 207     " 

Mercuric  Nitrate 237     " 

For  one  pint  of  potassiutn  oleate  solution  : 

Lead  Acetate,  crystallized 259  grains. 

Copper  Sulphate,  crystallized 170     " 

Zinc  Sulphate,  crystallized 197     " 

Mercuric  Nitrate 225    " 

The  United  States  Pharmacopoeia  recognizes  but  three  oleates,  all 
made  by  direct  solution  of  the  active  ingredient  in  oleic  acid ;  they 
are: 

Oleate  of  mercury  containing  20  per  cent,  of  mercuric  oxide,  oleate 
of  veratrine  containing  2  per  cent,  of  veratrine,  and  oleate  of  zinc 
containing  5  per  cent,  of  zinc  oxide. 

The  first  named  is  of  the  consistence  of  firm  butter,  the  second  is 
a  liquid,  and  the  last  named  is  like  a  sofl  ointment. 

Powdered  oleate  of  zinc  should  be  the  true  normal  oleate,  but  the 
commercial  article  is  frequently  mixed  with  an  excess  of  zinc  oxide ; 
it  is  best  prepared  by  the  process  suggested  by  Mr.  Beringer,  which 
is  as  follows  :  Warm  the  sodium  oleate  solution  (see  page  383)  to  43^ 
C.  (109.4°  F.),  and  to  it  add  slowly,  with  (\)nstant  stirring,  the  solu- 
tion of  zinc  sulphate,  collect  the  precipitate  on  a  moist  filter,  wash 
thoroughly  with  water,  and  dry,  on  bibulous  paper,  at  a  temperature 
of  not  abov(^  38°  C.  (100°  F.)!  In  order  that  the  oleate,  when  dry, 
may  be  obtained  in  white  frial)le  masses  which  can  easily  be  passKl 
through  a  sieve  as  an  impalj)able  unctuous  powder,  it  is  important 
that  tho  temjxTature  during  precipitation  Ini  maintained  l)etween  38° 
and  43°  C.  (100°  to  110°  F.). 

Under  the  names  of  ointments  of  the  various  oleates,  manufac- 
turers have  for  some  time  oifered  a  class  of  preparations  in  regard 
to  which  some  confusion  exists,  as  the  vehicle  as  well  as  the  propor- 
tion of  tlie  oleate  usetl  varies  with  different  manufacturers;  the  vehi- 
cle is  either  benzoinated  lard  or  soft  or  firm  petrolatum,  hence  the 
consistence  may  vary  ccmsiderably.  Tiie  term  ^'  ointment  of  any 
olejit(»,  o,  10,  or  20  [wr  a»nt.,"  can  liave  but  one  meaning  as  far  as  the 
active  ingr(*dient  is  concerneil,  namely,  that  tiie  finished  product  con- 
tains .">,  10,  or  20  parts  of  the  respective  normal  oleat<'  in  every  100 
parts  of  the  ointment,  and  not  5,  10,  or  20  parts  of  the  alkaloid  or 
metallic  oxide,  as  is  fre<piently  supposed.  Ointments  of  oleates  are 
officially  recognized  in  only  one  instan(v,  the  ointment  of  zinc  oleate 
of  the  British  PliarmacoiMria,  whicii  is  composed  of  equal  \mTts  of 
10  per  cent,  zinr  oleate  and  soft  {wiraftin. 


CHAPTEK    XXXV. 

PLASTERS  AND  SITPPOSITORIES. 

Plasters* 

Plasters   are  preparations    intended    for   external   application, 
which,  ahhoQgh   firmer   and    more  teuacioiis   than  cerates,  become 
ailhesi  ve  by  the  heat  of  tlie  Ixxly,  and  can  Ije  made  to  serve  the  double 
purpose  of  offering  both  support  and  mcilication  to  the  parts  to  which 
they  are  applied.     Tliey  are  firm  S4:»lids  at  onlinary  temperature  and 
cannot  \je  spread  without  the  aid  of  heat,  but  retain  a  certain  d^ree 
\of  flexibility  when  applied  to  the  body*     The  Ijase  or  mass  of  all 
plasters  made  by  pharmacists  is  either  simple-lead  plaster  or  a  mix- 
ture of  the  same  with  wax,  resin,  and  ^um-resins;  in  large  manu- 
factories a  rublxjr  mass  is  specially  prepai'eti  from  caoutchouc  and 
certain  aromatic  resins,  which  is  greatly  U*  be  prt^ferred  on  ac<x)UDt 
I  of  its  flexibility  and  adhesiveness.     It  admits  of  the  ready  incor- 
fporation  of  various  medicinal  agents  and   possesses  many  advan- 
I  tages  over  tlie  ordinary  lead-plaster  and  resinous  bases.      In  the 
[preptfation  of  the  rubber  plaster-base  the  crude  India  ruhljer  of  eom- 
fmense  is  first  free<l  from   impurities,  by  steaming  ami  continuous 
washing  with  warm  water,  in  suitable  machinery,  until  all  foreign 
matter  has  been  removed,  aft4?r  which  it  is  repeatedly  passed  between 
heavy  stec^l  rollers  kept  at  a  temperature  of  about  35**  or  37**  C.  (95** 
or  98*6*^  F.);  during  this  kneadint^  process  the  rubber  gradually 
flofteus  and  assumes  a  plastic  condition  which  fits  it  admirably  for 
the  incor(>oration  of  very  finely  powdered  olibanum  and  resin  or 
Burgundy  pitch,  this  being   als<:i  effected    Wtween   warm,  smooth 
rollers. 

The  preimration  of  plasters  by  pharmacists  is  very  similar  to  that 
of  cserates,  l>eing  pi:eferably  couducteil  with  water-bath  heat,  those 
constituents  having  the  highest  fusiug-point  IxMug  first  introduced 
into  the  pan  or  dish,  and  otfiers  of  greater  fusibility  lx»ing  gmdually 
incorfKirated.  All  wholly  or  partly  volatile  substances,  as  olco-reiiins 
or  esaential  oils,  must  be  added  last,  and  non-fusible  8ul»stances  must 
be  incorporated  in  the  form  of  very  fine  powder  whenever  iKJssible; 
as  gum-resins  are  frequently  added  to  j)laster  mixtures,  and  as  they 
cannot  be  reduc^xl  to  fine  |>owder  without  injury,  they  must  either  be 
^treated  in  coarse  powder  with  alcohol,  and  the  resulting  solution  of 
iinous  mutter  thetj  rvaporate<l  to  a  thick,  syrupy  ctmsistence,  as  in 
the  case  of  asaf'eli«la,  myrrh,  and  galbanum,  or  be  emulstonijted  with 
diluted  awtic  «cid  and  then  evap«jrated  until  the  liquid  hardens  on 
moling,  as  in  the  vn^  of  ammoniac.     In  either  case  the  comx'utmtwl 

2a 


388 


PRACTICAL  PBAHMACi 


liquid  should  be  added  to  the  fused  mixture  when  it  begins 
the  mass  being  well  8tiiTe<l  to  insure  uniform  distribution. 

Fluid  and  solid  extracts  must  l>e  incorporated  as  id  the  cast?  of 
ointments,  the  former  afler  evaporation  to  a  syrupy  consistence,  the 
latter  after  softening  down  with  diluted  or  strong  alcohol,  a8  the  c»«e 
may  be.  As  in  the  ease  of  ointments,  the  extinguishment  of  metallic 
menniry  in  plai^ters  is  most  i'onveniently  effectetl  by  trituration  wilb 
mereuric  oleate. 

If  any  foreign  matter,  such  as  sand,  pieces  of  wood,  and  the  like, 
should  be  found  in  the  melted  plaster,  this  is  Ijest  reniovecl  by  de- 
eantatiou  or  straining,  which  must  always  Ix?  done  before  the  iut^luble 
and  nun-fusible  substances  are  addetl ;  if  straining  k*e  resorte<i  1*1,  it 
will  bc5  advisable  to  j>erform  tliis  opemtion  with  the  smallest  bulk 
possible,  tlie  ^trained  material  being  always  received  in  a  warm  {tan 
or  diBtu 

If  plasters  are  to  he  preserved  for  stock,  they  are  usually  rullod 
into  cylindrical  pieces  of  convenient  tbickneas  weighing  about  4  or 
8  oz. ;  this  operation  is  [)erformed  on  a  slab  or  Ixiard  previously 
moistened  with  water  or  expressed  oil  of  almond  ;  these  sticks  or 
rolls  should  be  WTapjied  in  wax-  or  para tf in-paper  to  protect  thcoi 
from  the  air. 

Although,  with  two  exceptions,  the  term  plaster  is  officially  applied 
to  the  mass  or  combination  to  be  spread  upon  leather  or  muslin,  it  is 
more  extensively  used  in  trade  to  designate  the  finished  sprt»ad  plan- 
ter, ready  for  application.  The  spreading  of  plasters  has  almoel 
entirely  passtil  out  of  the  hands  of  the  pharmacists,  henoe  it  doc^  not 
now  appear  neoessary  to  describe  and  illustrate  the  various  ap{>liatiers 
which,  20  or  25  years  ago,  were  considered  a  very  essential  and  im- 
portant jmrt  of  every  educated  pharmacist ^^  outfit.  Plaster  mase^iH, 
official  and  otherwise,  can   uinv  l*e  puinhased  of  reliable  quality, 

Spread  on  muslin  or  other  material,  in  one*  and  five-yard  mils,  or  iti 
efinite  and  convenient  siitea,  from  large  manufacturers,  and  there  ia 
to-day  no  more  reason  why  a  pharmacist  should  be  compelled  to  make 
and  spRnd  his  own  Ix^Iladonna  plasters  than  that  he  should  return  to 
the  spreading  of  his  own  adhesive  plaster,  as  was  done  years  ago. 
Moreover,  phu^tersi  arc  ]irescrib€'d  but  rart^ly  now  liy  physicianl^  and, 
wlu*n  s<uuc  new  (Hinibi nation  is  ordered,  the  pharmacist  vnW  probably 
Irnvc  little  ditliculty  in  spreading  the  plaster  of  fair  quality  and  ao^ 
pearance  by  following  a  few  general  directions  hero  given. 

For  extem|Mjnin(H>usly  sprcifid  plasters  the  best  material  t^  m^k 
while  leatlier,  tlie  kiml  known  in  the  trade  ax  pla^^tcr  skin,  A  piiTc 
ghauld  be  cut  one  inch  larger  vnvU  way  than  the  **i/.e  of  '  u>f 

onlered  ;  thus  a  4  x  6  plai^ttr  would  rcfprire  a  pi^^'t*  oi'  hi  \  7 

inclias ;  now  prepare*  four  stri|»!<,  otie-half  imJi  in  width,  of  stiff 
paper,  preferably  glaztd,  and  having  previously  ]in*pared  the  pWler 
maaa  on  a  water-bath,  as  din'ctitl  above,  ajtply  tfie  |iii|k*r  striji*  to  the 
rooffb  sidei»f  til  '  :  skin  in  siuli  a  manner  tli  '  l-^ired  9pace 
ahaU  remain  uii  and  c^arefully  (Kuir  the  \u  <    inter  on  the 


^RS  AND  SUPPOSITORIES, 


387 


[leather^  Bnnx:»tlihig  the  surface  with  a  warm  sj)atula,  or  by  holding 
the  spread  plaster  near  a  stove  or  IlirDace-register  aad  allowing  the 
Boft  material  to  run  smooth.  Then,  having  placed  the  spread  plaster 
on  a  level  surface,  with  a  quick  motion  remove  the  pa|>er  stripe  before 
the  plaster  surface  hardens,  so  that  a  clean  half- inch  margin  around 
the  plajster  proper  may  be  obtained.  In  place  of  a  spatula,  the  little 
roller  shown  in  Fig.  251  may  l»e  useil  with  advantage  for  smoothing 


I  tlie  spiTad  plaster  mass;  it  should  be  dipped  in  hot  water,  so  as  tn 
[become  warm,  before  it  is  used,  and  then  be  moistened  with  a  mix- 
^ture  of  one  volume  of  glycerin  and  two  volumes  of  water  to  prevent 
Adhesion. 

If  the  paper  strips  be  attached  before  the  melted  mass  is  ready  to 
be  appliea,  tbe  jjiaste  is  apt  to  dry  out*  when  subsequent  removal  of 
the  pajier  from  the  rough  leather  l>er'omes  difficult,  and  hence  some 
pharmacists  prefer  to  raoisteu  the  strips  with  a  damp  sponge  just 
previiMis  to  spreading  the  plaster  mass ;  this  plan  has  been  found 
very  advantageous.  Instead  of  using  paper  strips,  some  prefer  to 
cut  a  frame  of  thin  cardboard,  with  a  ceutral  opening  of  the  required 
shape  and  size  of  the  planter,  which  is  tacked  down  on  the  plaster 
skin.  The  amount  of  material  necessary  for  spreading  a  plaster  of 
the  recpiired  thickncj**  nee*l  not  exceed  12  or  15  grains  for  each 
insure  inch,  or  about  0.165  Gm.  for  each  square  centimeter.  Plaster- 
preoding  requires  manipulative  skill,  and  practice  alone  can  bring 
i ;  yet  the  w  riter  has  seen  some  plasters  spread  by  students  in 
iw  lalioratory,  w  ho  had  never  before  seen  the  operation^  that  would 
ive  bwu  a  cn^dit  to  any  first-class  pharmacy. 
Mammary  or  breast  plasters  are  always  made  circular  in  form, 
)0ut  8  inchca  in  diameter,  with  i\  l-in*li  iTinmin  •  a  hole  1  ^  imln*}! 


4«  FRACTTKAL  FRAEJLl'lT. 

ia  Saaxk^fUtr  »  ^nxc  ra  dhe  ^xsicp!;.  and  croiii  mf:*  psiiLit  :-:  tiue  ccLDer  edge 

arft  fim&iairjtj  sprad  oa  diaiaois  fkfn.  wiiieti  i»  ««>ner. 

FocTAa-pishiCtfs.  whi«^  hatT^t  i^Kr.m^  v€fj  pcfclar.  dhSer  25noin  on£- 
osror fpnad  pbMen in havine munerjfis *ma..  h^iues pcz».-c«>d  tknxi^ 
tfem,  ncdtfiDiir  dKm  mor*-  cfjcnr^jftibie  r»jr  pn>ip:a;2«d  apptxstwo,  bj 
alVitrin^r  ezfaa^okros  of  the  »kin  to  paa&  ocf  freeij.  Tber  are  pre- 
pcpid  OD  an  txtectSTt  ical^  hj  special  nai^c^y. 

Flj-piascer  t*  tl>t  nanwr  finpi|T>entIy  appliel  ^:•  'jantrarde*  "ir  blis- 
t«rine  oerat^  wbm  tl^  »me  ha§  bi»en  spread  apiiQ  adIk?9T«  filsier 
madr  for  !»e.  Tbe  «pr^adine  of  the  ctrnte  is  dooe  in  tbe  manner 
alrcadj  ootlin^  for  rq^nlar  planter  maesis,  ex'.'epc  that  h<at  b  nnnec- 
caearr,  i^n^e  the  cerate  u  gnffiriendy  §i>rt  to  permrt  of  being  spread 
bj  ftiniple  prcsRiire  of  a  spatula ;  oo  cold  winter  dav«  the  spatola  mav 
be  aocnewhat  wanned  with  advantage.  The  an>:*ant  of  blistering 
cerate  neteeaarr  for  a  given  space  shJoId  not  exceed  10  or  12  grains 
for  each  square  inch,  or  about  0.l2iJ  Gm.  f*>r  every  square  centimeter. 
Am  flj-plaeters  are  not  intended  for  prolonged  applkatioo,  ordinary 
moftlin  or  adhesive  plaster  will  answer  on  which  to  spread  the 
cerate,  the  latter  material  being  preterable  on  account  of  the  adhesive 
edgea,  which  serve  to  keep  the  plaster  from  sh'pping  about.  A  piece 
of  tai^etan,  a  trifle  larger  than  the  sur^K^e  of  the  cerate,  should  be 
firmlj  preaaed  over  the  same,  which,  while  not  interterin^  with  the 
Mistering  action  of  the  cantharides,  protects  the  skin  from  being 
mncfa  soiled,  and  prevents  any  of  the  cerate  from  getting  under  the 
skin  if  the  blistered  surface  should  he  lacerated  by  sudden  removal 
of  the  plaster. 

The  Pharmacopeia  still  retx^^nizes  11  plaster  masses  and  2  spread 
plastent,  very  few  of  which,  however,  are  used  by  physicians  at  the 
present  day,  except  c-ourt  and  adhesive  plasters  for  surgical  purposes, 
and  posnibly  U.-lladonna  pla<»ter  for  its  anodyne  eflect.  The  official 
dirfiriiori-H  for  nreparing  the  various  plasters  are  explicit,  requiring 
little  or  no  additional  remarks  :  with  care  and  obser\iince  of  the  pre- 
<atition«4  U.'fore  stated,  good  results  will  be  obtained. 

I>ail  plaster  is,  strictly  speaking,  a  chemical  comjwund — lead  oleate 
or  U-iul  »^>ai>^the  manufa<:ture  of  which  will  l)e  mure  fully  explained 
in  i-rinnwtion  with  the  subject  of  sa|>oniticatiou.  It  enters  either 
din-r-tly  or  indirectly  into  the  composition  of  all  but  three  of  the 
official  plahtern. 

The  profKirtions  of  ammoniac  and  lead  plaster  present  in  the  offi- 
cial amnioniar  plaster  with  mercury  will  vary,  (lq)ending  entirely 
U|)on  the  charart<*r  of  the  gum-resin,  whicli  is  fnH|uently  found  in 
(x>mrnenre  of  very  in<litrerent  quality,  mixed  wiili  dirt  and  other 
foreij^n  niattiT. 

The  followintr  is  a  list  of  the  pharmae()p<eial  plasters  showing 
their  eorii|M>Nition  : 
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Plaster  Masses. 


Name. 

Emplastnim : 

^Vmmoniaci    cam   Hydrar- 
gyro        .        .        .        . 

Arnica?        .         .         .         . 
Belladonns 

Fern 


CompcwItioD  of  100  parta. 
Ammoniac     .  .        .  ?  72  parts. 

Mercury         .        .        .        .     18      " 
Oleate  of  Mercury  0.8    " 

Diluted  Acetic  Acid  .       ? 

Lead  Plaster .        .        .        .       ? 


Ilydrargyri 


Opii 


f 


Picis  Burgundies 

Picis  Cantharidatum  . 
(Warming  Plaster.) 

Plumbi 

Resinie 

(Adhesive  Plaster.) 

Saponis 


Capsici. 
IchthyocoUse. 


Extract  of  Arnica  Root         .    33  parts. 
Resin  Plaster  .        .    67      ** 

Extract  of  Belladonna  Leaves    20  parts- 
Resin  Plaster  .    40      " 
Soap  Plaster .  .    40      " 

Ferric  Ilvdrate,  dried    .  9  parts. 

Olive  Oil"       ....      6      " 

Burgundy  Pitch     .  .  14      " 

Lead  Plaster.        .  .  72      " 

Mercury         ....    30  parts. 
Oleate  of  Mercury  1.2    " 

LeadPbster.  .68.8    '' 

6  parts. 
.18  ". 
.    76      " 

.     80  parts. 
.      5      « 
.     16      " 

8  parte. 
.    92      " 

.  100  parte. 

14  parte. 
.    80      " 
6      " 

.     10  parts. 
.     90      " 


Extract  of  Opium 
Bur^ndy  Pitch 
Lead  Plaster  . 

Burgundy  Pitch     . 
Olive  Oil 
Yellow  Wax . 


fBi 

1  ^^ 


.  f  Cerate  of  Cantharides 
\  Burgundy  Pitch 

Lead  Oleate  . 

f  Resin     . 

•  <  Lead  Plaster  . 
I  Yellow  Wax . 

f  Soap,  dried 

•  I  Lead  Plaster  . 

Spread  Plasters. 


Capsicum  and  isinglass  or  court  plasters  are  the  only  plasters  offi- 
cially directed  to  be  spread,  the  former  on  muslin  and  the  latter  on 
taffeta.  The  body  of  the  capsicum  plaster  is  the  official  resin  plaster, 
the  surface  of  which  is  brushed  over  with  oleo-resin  of  capsicum, 
0.25  Gra.  being  contained  in  every  space  10  centimeters  square,  or 
al)out  ^  grain  in  every  square  inch.  The  material  to  be  used  in 
making  court  plaster  is  a  mixture  of  gelatin  5  parts,  water  60  parts, 
alcohol  40  parts,  and  glycerin  1  part ;  it  is  applied  to  the  taffeta  after 
ti)e  surface  has  been  painted  with  sizing.  A  coating  of  tincture  of 
lx»nzoin  is  afterward  applied  to  the  back  to  render  the  plaster  water- 
proof. 

Suppositories. 

Suppositories  are  solid,  medicinal  preparations  designed  to  be  intro- 
duoect  into  the  rectum,  vagina,  urethra,  or  nose;  when  intended  for 
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the  two  last-DamGdy  they  are  tisually  termed  bougies.  They  are 
such  coDsistent'e  that,  while  retainiog  their  sliape  at  ordinary  tem- 
peratures^ they  wiJl  slowly  melt  at  that  of  the  body  or  lic|uefy'm  the 
preseoce  of  raoisture.  The  usual  shape  of  rectal  8up|Kj«iiiorie8  b  that 
of  a  cone  with  a  rounded  apex  (see  Figsi.  252  and  253),  but  the  dUffi- 

Ho*  m,  Fto  25a,  Fro.  oh. 


Bcotftl  fuppcxltortflB.  Rectal  fuppofltoriea.         The  Welloomoibape 

(Boradulu.)  (Fior  ohildrsD.)  toppoilloiT* 

culty  of  readily  introducing  these  into  the  rectum,  on  aocouut  of  the 
resistance  offered  by  contraction  of  the  sphincter  muscle,  has  led  to  the 
suggestion  of  a  new  shaj^e  by  H.  S.  Welloome,  of  London,  as  shown  in 
Fig.  254,  the  great  advantages  of  which  become  apparent  when  it  is  re- 
membered that  the  bulbous  end  is  inserted  into  the  rectum  fii'st,  and 
that  as  soon  as  the  gr^itest  diameter,  which  is  about  one-half  inch 
from  tJie  point,  has  been  passed,  expulsion  of  the  suppository  is  iio- 
j^^ssible,  by  reason  of  the  very  contractile  force  of  the  sphincter,  which 
renders  retention  of  the  ordinarj^  conical  sliape  often  so  difficnlL 

Fir..  iiV  Tia.  256.  Fio,  IM. 


VAftosl  tttpiiOiltorle 

rrcf.23ft. 
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Vaginal  suppositoriee  are  made  either  globular  or  similar  to  the 
rectal  suppositories,  m  shown  in  Figs.  255,  256,  and  257,  while,  for 
ai-ethml  and  nasal  boogies,  the  pencil-shape,  seen  in  Figs*  25S,  259, 


Fjo.  259. 


The  Welloome^tbApe  mcihrAl  botiglc. 


and  260,  has  been  adopted,  the  laat-named  lieing  about  one- third  as 
long,  but  twice  as  thick  as  the  urethral  bougies* 


Fig.  260, 


Suppositories  are  intended  to  insure  a  slow  and  uniform  diffusion 
of  their  medicinal  constituents  to  thijse  internal  parts  to  which  they 
may  be  applied,  and  the  choice  of  vehicle  is  made  acc^ordingly.  The 
best  substance  for  the  preparation  of  supix>sitories  is  undoubtedly 
I  Oftoao* butter,  or  oil  of  tlieobroma,  on  account  of  its  low  fusing-point 
and  bland,  non-irritating  properties.  A  mixture  of  glycerin  and 
gelatin,  known  as  glyoerin -jelly,  is  also  frequently  employed,  being 
particularly  desirable  for  vaginal  suppositories'  anci  nasal  and 
nrethral  bougies,  on  account  of  its  rendy  miseibility  with  water. 
It  is  admirably  adapted  for  the  exhibition  of  solid  extracts,  as 
those  of  opium,  U'llauouna,  and  ergot,  and  such  substaucps  m  chloral 
hydrate,  but  cannot  l>e  used  in  connection  with  tannic  acid,  owing  to 
the  fact  thaLtannic  acid  combines  with  gelatin,  forming  an  insoluble 
corajKiund.  iTlie  proportions  best  adapted  for  general  purposes  are 
gelatin  20  parts,  glyc^erin  40  part*;,  anci  water  80  parts,  Uie  whole  to 
tie  reduceil  by  evaporation  to  100  part^A  (For  some  purposes,  these 
proportions  may  have  to  be  changed;  nius,  for  hygroscopic  dniL^^. 
such  as  potassium  or  sodium  iodide  and  bromide,  chloral  hydrate, 
etc.,  a  mixture  of  gelatin  10  parts,  water  40  parts,  and  clycerin  15 
parts,  evaporated  to  25  parts,  will  l>e  found  much  betterr  Glycerin- 
jelly  is  prejjared  by  soaking  the  gelatin  in  the  water  for  a  few  hours, 
or  over  night,  in  a  ctivei'ed  dish,  then  addfnir  the  glycerin  ami  evap- 
orating on  a  water- l)ath  to  I  lie  reijuired  weight. 

In  Great  Britain  a  mixtun?  of  cuixl  soap  (aoap  made  with  animal 
fet)  and  glycerite  of  stardj  is  frecpientlv  employed  as  a  vehicle,  made 
in  the  propc»rtion  of  30  parts  of  the  glyoerite  to  100  j^jarts  of  soap, 
eufficient  powdered  starch  being  added  to  make  a  stiff  paste. 

The  PharmacojHjda  recommends  the  weight  of  recital  sup|K)sitori€a 
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to  lie  about  1  gramme  (15  gmiD&],  of  vogmal  suppositories  about 
grammes  (45  grains),  and  of  urethral  bougies  about  1  grammi;  (16  ^ 
graiiiH),  but  these  sizes  are  frequently  exceeded  in  practice  to  2  or  8 
timefi  the  alK>ve  specified  weights. 

Since  suppositories  are,  like  ointments,  simply  mechanical  admix- 
tures of  the  medicinal  constituents  and  a  vt^hicle,  the  formt*r  mttsl 
always  Ix^  incorporated  in  the  form  of  an  impal(mbly  fine  powder  or 
in  a  state  of  solution,  solid  extracts  being  rubbed  into  a  sni  '  -t« 
with  water.     On  account  of  the  peculiar  apjilication  of  suj-  t-s, 

it  is  important  that  no  coarse  or  gritty  particles  should  ever  l>e  <^o* 
tained  therein.  They  are  made  either  entirely  by  hand,  by  I'asting 
in  appropriate  moulds,  or  by  cold  compression  in  suitable  apparatus. 

Hiind-made  suppositories  are,  as  a  rule,  not  so  exact  and  uniform 
in  shape  as  those  mouldetl^  althougli  some  pharmacists  have  attained 
considemble  perfection  and  dexterity  in  following  this  convenient 
niethoil.  The  usual  plan  is  to  etfect  an  intimate  mixture  of  the 
active  ingredients  and  vehicle  in  a  mortar,  by  forming  them  into  a 
uniform  mass,  and  transfer  the  mass  to  a  graduated  tile  to  be  divided 
into  the  I'equireil  nunilKn*  of  equal  parts,  which  are  then  properhr 
shaiied  with  the  fingers.  To  prevent  adhesion  of  the  mass  to  the  tile 
or  hngers,  it  may  be  dustal  witli  some  finely  pt^wdered  stanch  t^^  a 
mixture  of  starch  aud  lyc*ofKKlium.  This  method,  of  eoui^e,  exchicloa 
the  use  of  glycerin -jelly,  and,  if  tlie  mass  shows  a  disposition  to 
crumble,  the  addition  of  a  few  drops  of  castor  oil  will  overci>nie  tbe 
difficulty,  rendering  the  mass  plastic.  (One  of  the  best  veliides  lor 
making  suppositories  by  bund,  or  by  cold  compression,  is  a  mixtim 
of  cacao- butter  5  parts,  castor  oil  1  part,  and  yellow  wax  1 
which  fuses  at  about  the  same  temperature  as  cacao-butter,  ^ 

For  casting  suppositories  in  moulds  it  is  neoessary  to  nave  ibe 
mass  in  a  Quid  state.  If  carefully  and  skilfully  followed,  thia 
method  yields  the  most  [lerfectly  shaped  and  finished  aupposstoiica 
that  van  be  made ;  but  it  re<|iiires  practi*^  to  insure  success,  presentp 
ing  more  dirtiinilties  than  any  other  method.  If  the  fluid  maas  be 
pcured  into  the  moulds  tiHi  warm,  iiiimiKliate  separation  of  the  in** 
soluble  ingredients  occurs,  which  settle  in  the  apex  of  the  cone.  If 
aUowed  to  cool  too  fast,  it  will  not  flow  properly,  and  fill  the  moulda 
imneriectly ;  the  proj>er  condition  of  the  mass  is  reached  when  the 
fluid  i*  of  a  thin,  syrupy  consistence  and  a  slight  film  begins  to  form 
on  the  surface.  High  ht^t  should  IxMivoidcil  in  preparing  the  iiiasiy 
a  low>  WTiterbath  licat  being  amply  sufficient  for  meltrug  the  (iieao> 
butter  or  glycerin-jelly.  Any  8f>lid  extract  to  Ije  ndtlHi  should  be 
softened  down  witf)  n  little  water,  mixed  with  a  small  quantity  of 
melti*<I  vehicle  on  n  tile,  and  tnursferred  to  the  disli  or  ea^isule  con- 
taining tl»c  ri'miiindrr  of  tlie  mcltetl  veliiclc,  which  has  l)een  removed 
ihtm  the  waler-imih  and  all«>\%<Hl  to  eool  stmiewhat.  Bv  stirriiig 
with  a  glass  rod  nr  narn»w  stttel  spatula  the  extract  will  l^econie 
unifrtrmly  inc<»rjn>nite<l,  after  which  any  solid  Ingrc^lient,  in  very  finu 
jmwder,  mny  l>e  addttl  an*l  tlioioughly  mixed;  the  fluid  mass  i**  tlk-n 
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immediately  poured  into  well-ehilled  moulds,  with  eoastant  Btirrini^ 
to  preveut  separation.  It  is  important  that  oo  heat  Im?  applied  to  the 
mass  after  the  addition  of  the  medicinal  constituents  lest  separation 
o4»cur,  particularly  in  the  case  of  extracts,  which  cannot  atWward  \ye 
successfully  overcome.  Tlie  moulds  must  be  perfectly  clean  and  diy, 
having  been  previously  well  chilled  by  placing  them  on  ice;  there 
will  then  be  no  occasion  whatever  for  dusting  them  with  lycopodium 
or  otiier  substance.  If  the  fluid  mass  is  of  the  right  consistence  and 
the  mould  cold,  it  will  immediately  congeal  and  contract  on  being 
poured  into  the  moulds,  but  sufficient  time  should  be  allowed  for  the 
suppository  to  harden  throughout,  otherwise  some  trouble  may  be 
experienoetl  in  removing  them ;  in  winter  twenty  or  thirty  itiinutes 
will  suffice,  whereas  fortv  minutes  or  longer  may  he  neces^sary  in 
summer  unless  the  mould,  after  having  been  filled^  be  placed  in  an 
ice-chest.  Various  styles  of  moulds  are  in  use  among  pharmacists, 
those  known  as  divided  moulds,  opening  either  horizontally  or  verti- 
callv,  being  preferred  on  account  of  the  convenience  with  which  thev 
can'be  taken  apart  and  cleaned.  Figs.  261,  262,  263,  and  264  rep- 
resent four  different  styles  of  moulds,  from  all  of  which  the  supposi- 
tories can  be  quickly  removed  by  bearing  slightly  with  the  finger 
against  the  conical  ends  after  tlie  moulds  have  been  o[>ened. 


Wt0.»h 


0'. 


dnsod. 


oji^-n 


Wln'i  SDp(tC6iiuf>  (iJ«*iAld  ^i*Ka^ 


The  uumen>us  difllculties  attending  the  casting  process  have  letl 
many  pharmacists  to  abandim  this  process  in  favor  of  c<»ld  compres- 
sion. The  chief  advantages  of  tlie  compression  method  are  the 
saving  of  time,  and  the  absence  of  all  danger  of  overheating  and  of 
separation  of  extracts  and  other  ingredients,  while  the  suppositories 
are  unitbmi  in  composition  and  leave  noUiing  to  desire  in  appear- 
ance, although  the  hnish  is  possibly  not  quite  so  perfect  as  in  care- 
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fally-oast  gupfHisitoHoj^.  The  mass  for  compression  is  prep«irr>I  in  a 
mortar,  m  for  hauJ-made  suppositories,  aadj  when  a  uniform  mixture 
has  been  obtained,  it  is  removed  and  cut  up  into  small  pieces^  which 
are  placed  in  the  hopper  or  barrol  of  the  aim  pressor. 


Fio,  2G3. 


S«e*«  SQppotltorf  mouJd. 


Fto.  3 


Vte^ttl 


BlaclLiiuLti'f  ru|>po«ltory  moold. 


Tbo  ArchlbiUd  lappodiory  miirMna. 

The  timt  sueceseiiil  impression  mould  for  diB^iensing  purpoBies  wad 
that  known  as  the  Art*hil)ald  mould  (**cc  Fij^,  2B5),  wlu'ch  is  still  ust^ 
by  many.  The  only  oVijeetion  to  this  mould  is  the  tedious  removal 
of  the  hnishi.^1  suppository ;  the  adhesion  of  the  mas.^  to  the  tiiclca 
can  U*  iviidily  over  lowever,  by  swabbing  the  moald  with  a 

plcdgf*t  of  (^/tton  *i  1  with  glycserin  bt^tween  every  twa  oocn* 

prestsitmM, 

The  two  apparatusi*^  shown  in  Figa.  2G6  and  267  are  improir«* 
ments  on  the  Arehibald  mould  in  so  far  that  3  rec^l  auppcBitorien 
can  V  ipre!^xl  at  onc5p,  whilst  the  finished  product  is  mmiy  and 
ipji  luoved.    They  differ  from  ^cb  other  only  in  the  pontioii 
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l)OUgie  rnoulcL  Id  the  Ai't^bihald  machine  the  moulds  are  pIu 
ill  a  swinging  bed,  whidi  in  secured  under  the  cylinder  by  means  of  i 
lever,  and  after  the  suppository  has  been  compressed  th**  8wing^ii)| 
bed  is  hwisened,  the  mould  takeu  out  and  opened,  and  the  suppositor 
removed  by  gently  pushing  it  with  the  tharab.  In  the  two  i>«hc 
macbines  tie  moulds  are  screwed  into  the  lower  part  of  the  c ;  ' 
resting  firmly  against  an  iron  lx*d-plate  ;  to  remove  the  not-  1 

suppository  it  is  only  necessary  to  open  the  bed-plate,  as  stumti   ioJ 
Fig.  26G,  a,  and,  by  one  or  two  turns  of  the  screw,  push  the  suprxid^ 
itories  out  of  the  moulds.     For  the  compression  of  nasal  or  urethral 
bougies  a  plate  is  put  into  the  cylinder  and  a  small  tube  attacl^, 
througli  wliicli  the  mass  can  be  forced  to  any  desired  length. 


na.2a8. 


Tbe  Gencae  luppotltonr  compranor. 

For  mid  compression  of  the  Wellcx)me-shai>e  suppositories  a  ma* 
chine  has  recently  been  perfected  which  is  easily  filled  and  opera  ted,  j 
and  pnxluces  ejccellcnt  n-sulls.     The  sunposit<iries  are  cx)mpre«@eii  In] 
paper  shells,  whirh  (>ermit  of  their  ready  removal  from  the  tiiotikljt 
and  avoid  all  coutiiit  with  the  fingers.     The  moile  of  Blllng    llMfj 
moolda,  as  aeen  in  Fig,  268,  is  entirely  different  from  that  of  olh^r  j 
compression  machines;  tlie  mass,  lieing  first  carried  from  thecyliodrr^ 
to  tne  point  of  the  mould,  then  fills  the  \mper  shell  perfectly  and 
compactly,  as  the  mould  is  made  to  recede  under  tlie  innuence  of  ibi? 
pressure  from  the  cylinder.     As  the  moulds  come  in  sets  of  four  or 
six  attaches]  to  a  plate,  the  suppositories  can  be  made  %'ery  rapdlT 
with  this  machine*     In  Fig.  269  is  shown  the  cylinder  swung  oack, 
with  the  cap  removed,  for  the  purpose  of  filling  it  with  the  material 
to  be  compressed. 

BoagieSi  made  with  glycerin-jellvi  are  cast  in  specnal  moulds,  soclt 
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adhesion  of  the  material.  When  made  with  cacao*buttc*r  or  soap  and 
starch,  they  can  be  either  compressed  or  Ibrmed  by  hand.  Nml 
lK)iigies  should  be  about  38  millimeters  (IJ  ioches)  iu  length  aod 
6  millimeters  ({  iiidi)  in  diameter,  while  urethral  bougies  arc  uauallv 
made  100  millinieters  (4  Indies)  iu  Itugth  and  from  3  to  4  milh* 
meters  (|  to  ^  inch)  in  diameter.  The  ends  of  botti  are  8umewhmt 
pointed^  as  shown  in  Fig*  258. 

The  Phanuacopceia  recognizes  only  one  si>ecial  kind  of  supposi- 
tories, viz.,  those  of  glycerin,  and  gives  general  direc^tious  for  ibe 
preparation  of  all  others.  Glycerin  suppositories  are  composi'*!  of 
90  per  c«nt.  of  glycerin  and  10  per  cent,  of  sodium  stearate.  In  t\w 
official  formula,  crystal li7.e<l  sodium  carbonate  is  dissolved  in  glyivrin, 
on  a  water- bath,  after  which  stearic  acid  is  added  and  the  heiit  con- 
tinued until  ctfervesceuee  ceiises,  when  the  .^solution  is  poured  into 
moulds  and  allowed  to  congeal.  The  three  grammes  of  sodium  car- 
lK>Date  U84?d  will  vield  6,4  giummes  of  sodium  stearate,  acoordiog 
to  the  equation  SHCjaH^^O,  +  Na,CCy0H,O  =  2NaCi,H^0,  + 
llHjO  +  CO2,  which  is  sufficient  to  form  a  solid  mass  with  60 
grammes  of  glycerin,  the  water  and  carbon  dioxide  l>eing  dissipated. 
Owing  to  the  very  hygroscopic  nature  of  glyceriu,  the  sup()osttories 
must  be  either  wnip|)ed  in  tin  toil  or  dispensed  in  small  straight  vials 
without  a  lip  ;  some  manufacturers  coat  them  by  dipping  them  into 
melted  j>aratfin,  wliicli  protects  tlicni  against  the  air,  but  has  the  d»- 
ad  vantage  of  possibly  tailing  to  !x'  removed  by  the  jwitient  be  fort! 
insertion,  in  which  event  the  suppository  could  not  act,  as  the  heat  of 
the  body  is  not  sutKcient  to  melt  parafiin, 

A  very  ingenious  apparatus  has  been  devised  by  Dr.  Geneae,  of 
Baltimore,  for  the  purpose  of  casting  glycerin  suppositories  of  the 
"Wellcome"  shape  in  pure  tinfoil  shells,  which  can  be  quickly  and 
hermctimlly  seakHl,  and  tlius  all  contact  with  the  hands  and  air  be 
avoided.  Tiie  apj>aratns  and  mode  of  using  it  are  illustrated  in  Fig. 
272,  A  is  a  tin  or  copjier  boiler  of  about  one-pint  capacity,  wiSi 
handle  attached.  The  top  is  extendtKl  into  a  double-wall  cylinder,  B» 
open  to  a  certain  width  on  one  side  for  its  entire  length,  and  serving 
aa  a  steam  or  hot- water  jacket  j  it  is  provided  with  a  steam- vent  at  C 
and  a  safety- valve  at  I^  through  which  the  l>oilcr  can  al?*o  l>e  n*- 
plcnishcfl  with  water,  \\\w\\  nc*cc\ssary.  E  is  a  heavy  ^Inss  (or  metal) 
eyiinder  in  which  the  glycerin  mass  is  t*>  be  prepare^l  and  kept;  it 
fits  jinuj^Iy  into  the  jacket,  B,  and  is  providcil  near  Che  Ixttlom  with 
a  stnaM  spigot  f(»r  ft*eding  the  nicltecl  mass  into  the  tinfinl  shelb  pn> 
viously  arran^ii  in  ihe  moulds,  Wlien  not  iu  use  the  cylinder,  E, 
can  be  iM*venHl  with  a  grouiKl-^lasH  plate  or  doeiid  with  a  rubber 
stoptM'r,  by  which  arningement  a  supply  of  ihe  mass  can  he  kept  on 
liauQ,  retpiiring  only  slight  heating  to  liquefy  it  when  BUp{>06ttorica 
are  tu  be  Ciist. 

Where  glywrin  suppositories  are  freou^ntly  sold,  this  apparatoa 
will  prove  a  most  deairable  addition  to  the  applianoea  for  rapid  and 
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neat  diepeDsing,  and,  being  always  ready  for  use,  will  save  much 
lalx>r  and  annoyance. 

Pni.272» 


1/^ 


X* 


ApptntUA  fof  mAJUng  glycerin  stippoiitoriw  of  the  *'  WeUoom**  slwpa. 

In  Fig.  273  is  shown  a  little  device  for  sealing  the  edges  of  the 
,  tinfoil  shells,  which  can  be  made  of  either  metal  or  rubber.     The 
I  construction  is  such  that,  when  the  shelf  containing  the  solid!  tied 
[glycerin  mass  has  lieen  plated  in  the  lower  section,  A,  and  the  upper 
[lection,  B,  is  brought  down  over  it  with  a  little  pressure,  the  project- 
ing lateral  edras  of  the  shell  (see  Fig.  274)  are  folded  by  means  of 
tlie  grooves;  by  then  reversing  the  shell,  a  second  fold  is  tightly 
cnniscd  in  the  same  manner,  and  all  air  thus  excluded.     The  shells 
being  filktl  only  to  within  alxjut  -j\  of  an  inch  of  the  mouth,  the  pro- 
'  jectiwg  front  etlgi*s  can  Im*  la|>jKHl  over  lieforc  the  lateral  edges  are 
foldi<i,  and  thui?  the  whole  shrll   1hi  liermeti<'ally  i!^ah*cK     Fig.  275 
n*pres^*nts  one  of  the  tinfoil  nhclls  fille*!  and  ^eahil  \  glyrxirin  sup|»08- 
ittiries  thus  preserved  have  \mn\  found  to  ke<*p  excellently  in  ordinary 
l>oxi'S,  during  hot  weather,  anti  u}K*n  removal  from  the  iihells  \v<  t- 
fouud  firm  and  fr^  fmra  moist ui^. 

Sir        '     ry  shelU  ma*!      '       latin  or  butter  of  cacao  have  btvn 
inti-  ur  thecxmvti,  .  the  disjx^nser,  but  an*  not  used  lu 
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a  mixture  of  the  active  ingredieot  and  grated  butter  of  cacao,  and 
the  top  sealed  either  with  a  warm  spatula  or  a  little  stiff  mucilage  of 
acacia.  The  gelatin  shells,  see  Fig.  277,  may  be  conveniently  seded 
by  moisteniog  the  margin  of  the  lower  half  with  a  little  water, 
before  slipping  the  upper  part  over  the  same.  The  best  method  of 
dispensing  suppositories  is  undoubtedly  in  partition  paper  boxes  (see 
Fig.  278),  the  sides  aod  bottom  of  which  should  be  lined  with  tinfoil 

Fig.  278. 


Suppository  box. 

or  paraffin  paper,  the  patient  always  being  directed  to  keep  the  box 
iu  a  cool  place;  in  the  absence  of  partitioned  boxes,  an  oblong 
powder  box  may  be  used,  the  suppositories  being  placed  between  two 
pieces  of  sheet-wadding. 
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Although  the  term  phannacenikal  chrmistri/  is  objected  to  by 
many  wlio  rightfully  claim  that  there  can  be  but  one  kind  of  chem- 
istry, the  laws  and  principles  of  which  must  be  the  same  whether 
applied  to  pharmacy,  medicine,  physiology,  or  agricuUnre,  it  will, 
nevertheless,  be  retained  in  this  book  as  a  convenient  heading  under 
which  to  group  the  many  details  of  composition^  prepamtiou,  and 
examination  of  that  vast  number  of  chemical  compounds  in  almost 
daily  use  by  pharmacists,  and  the  majority  of  which  are  officially 
recognized  in  the  U.  S,  Pharmacopoeia.  The  classification  of  chem- 
ical compounds  with  r^ard  to  constitution,  etc.,  will,  in  the  main, 
not  l>e  based  upon  the  views  at  present  accepted  by  chemists,  con- 
cerning which  the  student  of  pharmacy  re<:^ive9  ample  instruction  in 
hid  chemical  lectures,  and  of  which  he  can  find  full  explanation  in 
the  many  excellent  chemical  text-books  of  to-day  ;  but  a  somewhat 
iinsystematic  arrangement  will  l>e  followcil,  liaving  in  view  more  par* 
ticularly  the  study  of  offidal  and  other  chemicals  from  a  pharmaceu- 
tical standpoint,  irrespective  of  their  chemical  relationship.  After 
an  experience  of  many  years  this  plan,  being  still  found  the  most 
desirable  for  pharmacists,  is  adbereci  to  in  pharmaceutical  schools. 

Chemiail  compounds  may  be  oouvenicntly  dividetl  into  those 
usually  designatea  as  inorganic  substances  and  those  formerly  known 
as  organic  compounds,  but  to  which,  now*  the  name  carbon  com- 
pounds is  more  appropriately  applied. 

Inorgaaic  Substances. 

Of  the  thirteen  elements  which  are  known  as  non-metallic  bodies^ 
all  but  four  are  of  pharmaceutical  interest,  either  beeauae  they  are 
employed  extensively  by  pliysieians  in  their  elementary  state  or  lie- 
cause  they  form  certain  inifiortaut  oom|>ounds  with  each  other  which 
are  officially  recognized  in  the  HharmatM>poBia  ;  such  com|>ound^  only 
will  be  con8idere<l  here,  and  these  are  furnisheii  by  the  following 
elements :  hydrogen,  oxygen,  chlorine,  bromine,  iodine,  sulphur, 
pbosphorua^  carbon,  and  boron.     A  very  valuable  claas  of  com* 
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pounds  formed  by  these  elements  are  the  inorganic  acids,  which  will 
be  treated  in  a  special  chapter. 

Combinations  of  non-metallic  elements  with  the  metals  are  very 
properly  classified  as  compounds  of  the  latter,  and  will  be  treated  in 
connection  with  the  salts  and  numerous  other  preparations  of  the 
metals,  officially  recognized.  The  compounds  of  metals  may  be  con- 
veniently considered  according  to  a  system  of  division  which  groups 
those  metals  together  the  oxides  of  which  possess  certain  wefl- 
recoenized  properties  in  common  ;  thus,  metals  of  the  alkalies,  of  the 
alkaline  earths,  of  the  earths  and  heavy  metals. 

Since  very  few  metallic  salts  are  prepared  by  pharmacists,  such 
compounds  will  be  treated  chiefly  with  a  view  of  enabling  the  student 
to  understand  fully  the  official  requirements  as  regards  identity  and 
quality,  detailed  consideration  being  given  mainly  to  those  com- 
pounds for  the  preparation  of  which  the  Pharmacopoeia  gives  official 
working  formulas. 
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Neither  of  these  element.^  is  of  pharma(^Hitical  value  iu  its 
UDoombined  gaseous  state^  but  tliey  unite  to  form  two  very  important 
cx>m  pounds. 

The  most  im[K)rtant  compound  of  hydrogeu  aod  oxygen  is  water, 
which  may  i>e  looked  uj>on  chemically  as  hydrogen  monoxide,  H,0, 
and  has  already  heeu  referred  to  ou  page  206,  The  Pharmacopoeia 
recognizes  both  natural  and  distilled  water,  and,  while  in  some  local- 
ities, natural  water  may  be  obtained  remarkably  free  from  impurities, 
the  use  of  distilled  water  is  to  lie  prefen-ed  at  the  dispensing  counter 
and  for  the  pti^paration  of  aromatic  waters  and  many  chemic^al  mln- 
tions.  Distilled  waU?r  is  i*eq«iretl  to  be  absolutely  fi'ee  from  both 
inorganic  and  organic  impuriti^'S,  while  tlie  official  limit  of  the  former 
in  natural  water  is  indicated  by  a  residue  not  exceeding  0»5  Gm.  of 
inorganic  salts  upon  evaporation  of  1000  Cc.  of  water,  Natui*al 
water  mixed  with  10  per  cent,  of  its  volume  of  diluted  sulphuric 
acid  and  ^  per  c«ut.  of  dcci*normal  {Potassium  permangiuiate  solution, 
should  not  become  completely  decolorized  by  boiling  it  for  10  min- 
utes, showing  the  pharmacopcDial  limit  of  organic  and  other  oxidiz- 
able  matters. 

Hydrogen  dioxide,  H^O,,  first  obtained  in  1818  by  Thenard,  con- 
tains 94  per  cent,  of  oxygen^  and  is  the  richest  oxygen  compound 
known.  It  is  officially  recognized,  in  the  form  of  a  3  per  cent, 
aqueous  solution,  under  the  name  Aqua  Hydrogenii  Dioxidi. 

The  comiK)und  HjO^  may  be  obtained  from  any  metallic  dioxide 
which  yields  a  portion  of  its  oxygen  to  water,  upon  treatment  with 
an  acid.  For  technical  purposes  sodium  dioxide  is  extensively  em- 
ployed, but  this  method  is  not  suitable  for  medicinal  purposes,  as  the 
resulting  s^ilution  cannot  be  freed  from  the  accompanying  sodium 
ftulpliate  or  chloride :  hence  the  Pharmacopeia  directs  that  the  official 
siihjtion  shall  l)e  made  from  barium  dioxide*  which,  upon  saturation 
with  an  acid,  readily  gives  up  one-half  of  its  oxygen  to  water  to  form 
hydrogen  dioxide. 

An  im|x>rtant  step  in  the  official  prooess  is  the  thorough  hydration 
of  the  barium  dioxide,  in  order  t^*  insure  rapid  and  complete  satura- 
tion fSiubstxiuently  with  the  acid  ;  experience  has  shown  that  cold 
favors  the  hydration  of  the  finely  pi>wdered  barium  dioxide,  which 
is  known  to  be  t*omplote<i  when  the  water  se(Mirate3  Init  slightly 
friim  tJjc  msulting  magma.  Phosphoric  acid  ba"5  been  found  Uy  pro* 
due*.*  a  better  yiehl  of  H/J,  than  sulphuric  or  carbonic  acid^  and  is 
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even  preferable  to  hydrochloric  acid,  owing  to  the  practical  difficulty* 
of  removing  the  free  acid  after  deeompositioQ  of  the  Imrium  chloride 
formed.  Hydrofluoric  acid  has  also  beeo  successfully  eraployetl  for 
the  liberation  of  hydrogen  dioxide,  but  its  corrosive  nature  prt5Si'iit8 
great  obstacles  to  its  use,  although  the  resulting  barium  fluoride  is 
even  more  insoluble  than  the  phosphate.  The  hyd rated  l>ariutii 
dioxide  must  be  fully  ilecom posed,  and  satumttd  witli  acid  to  exuct 
neutrality;  hem-e  the  PharQ]acop*pia  directs  that  a  portion  of  the 
welUcooled  dilutee!  phosphoric  acid  be  set  aside  as  a  reserve,  and 
uised^  in  small  quantities,  after  all  the  barium  dioxide  mixture  has 
been  added  to  the  remainder  of  tlicacid,  until  a  perfectly  neutral  reac- 
tion is  obtainwl.  Vi^xorous  agitation  and  refrigeration  of  the  acid 
and  barium  mixture  are  necessary  to  insure  a  full  yield  of  H,0,* 
The  addition  of  small  quantities  of  diluted  sulphuric  acid  to  the 
filtered  solution  is  for  the  purpose  of  freeing  it  entirely  from  bariimii 
a  small  t>ortion  of  which  will  have  entere<l  into  solution  as  acid 
Ijarium  phosphate  ;  the  subsequent  reraoval  of  the  finely  precipitated 
barium  sulphate  is  greatly  facilitatKl  by  the  admixture  of  a  little 
starch  before  filtration.  The  finrsheil  product  ciintains  a  small 
amount  of  phosphoric  acid,  liberated  from  the  acid  phosphate,  which 
materially  aids  in  the  preservation  of  the  solution  ;  a  trace  of  sul- 
phuric acid  is  also  present,  as  it  is  impossible  to  avoid  adding  a  slight 
excess. 

Solution  of  hydrogen  dioxide  readily  undergoes  spontaneous  de- 
composition, particularly  if  exposed  to  heat  and  sunlight ;  it  should, 
therefore,  be  preserve*!  in  a  cool,  dark  place,  or  in  aml>er-colored 
bottles,  which  have  been  looecly  stopperea  to  avoid  explosion  in  case 
of  defective  bottles  and  increased  pressure  caused  by  accumulation  of 
gas.  As  a  preservative,  Ixiro-glycerin  has  been  suggested,  and,  when 
used  in  the  projjortion  of  1  part  in  100  of  the  solution,  has  been  found 
serviceable  in  retarding  the  rate  of  decomposition.  Moderate  heat  is 
far  less  injurious  than  daylight,  and  Dr.  Squibb  has  found  that,  if  a 
temperature  of  60°  C.  (140*^  F.)  be  not  exceeded,  a  fifty-volume  solu- 
tion can  readily  be  obtained  by  concentration  on  a  water-bath,  without 
appret^iable  loss  of  dioxide;  above  this  temj>erature,  however,  deocmi- 
position  rapidly  in(  renses. 

The  l*luinuact>jMeia  re<[uires  that  solution  of  hydrogen  clinxide 
shall  contain  3  (H*r  (•ent.  by  weight  of  the  pure  dioxide,  whidi  ci>rpe- 
8)K>nds  to  ahiout  10  volumes  of  available  oxygen.  The  assay  is  made 
with  [K>tassium  jjerraanganate,  in  the  presence  of  sulphuric  acid,  a<s 
cording  to  the  reactit»n  dH/)^  -f  3li,.SO  +  SKMnO^  =  K,SO,  + 
2MnSf\  +  8HjO  +  5(  Y  *  Only  t>ne*half  of  the  oxygen  indicated 
in  the  eijuation  is  derivetl  from  the  hydrogen  dioxide,  tlic  other  half 
being  furnishHl  by  the  potassium  permanganate,  which  fact  moat  be 
oonsidereil  if  the  gas  is  collected  and  measured  in  a  gas-tube  oim* 
mercury.  The  term  available  oxygen  refers,  therefore,  to  th«  volume 
of  naaoent  oxygcD  obtained  directly  from  the  dioxide,  and  not  to  the 
total  volume  liljemted  in  the  rou^tton.     From  the  above  equation  it 
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iwcew  that  two  molecules  (315,34  parts)  of  potassium  permanganate 
e^pond  to  five  molecules  (169.60  parts)  of  hydrogen  dioxide; 
hence  each  Cc.  of  a  decinormal  solution  of  the  former  containing 
0.0031534  Gm.  of  KMnO,  must  Ije  equivalent  to  0,001696  Gm.  of 
H^Oj,  or  0.000798  Gm.  of  oxygen  available  therefrom. 

Thus  the  volume  strength  of  any  solutiou  of  hydrogen  dioxide 
can  l3e  conveniently  calculated,  simuUanetmsly  with  the  percentage 
Btrength,  without  the  necessity  of  collecting  and  measuring  the  actual 
gas  volume,  by  reckon injj  the  weight  of  one  cubic  centimeter  of 
oxygen  at  0°  C.  and  760  Mm.  atmo8pberic  pressure  as  equivalent  to 
0.()0148  Gm.  (actually  0.001424488);  then,  dividing  the  weight  of 
oxygen  equivalent  to  1  Cc.  of  y^  KMnO^  solution  by  0.00143,  we 
ahali  obtain  0.66  Cc.  (actually  0.5594)  as  the  volume  of  oxygen  rep- 
resented by  ea^h  cubic  centimeter,  and  multiplying  the  number  of 
Co.  YJ5  KMnO^  solution  decolori«cd  by  1  CV.  of  HjO^  solution  by 
0*56,  the  volumes  of  available  oxygen  arc  indicatcHl  by  the  product. 
Multiplying,  at  the  same  time,  the  number  of  Cc.  y^  KMnO^  solution 
so  decolorized  by  0.17  factually  0.1696  =0.001696  X  100)  will 
yield  the  percentage  by  weight  of  abs«:»lute  H,0», 

The  reaction  with  potassium  chroraate  and  ether  mentioned  in  the 
Pharmacopoeia  depends  u|X)n  the  formation  of  a  new  compound 
which  forms  a  blue  solution  with  ether;  it  is  ehnracterieftic  of 
hydrogen  dioxide.  By  some  the  comjx^und  formpd  is  convsidercti  to 
l>e  perehroraic  anhydride  (CrjO^),  a  substance  analogous  to  perman- 
ganic anhydride  (MojO^),  while  others  assume  that  it  may  iK)9sibly  be 
a  compound  of  CrO,  and  HjC^j. 
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CHLORINE,  BROMINE,  AND  IODINE. 

CHi/)RiyE  is  used  by  physieiani«,  in  its  elementary  state,  iu  li 
form  of  an  aqueous  solution,  which  the  Pharmacopoeia  recognises 
under  the  nanae  of  Aqua  Chlori,  and  for  the  preparation  of  which 
on  ofSeial  formula  is  given. 

When  nmnjj^anese  dioxide  is  treated  with  hydrochloric  acid  the 
oxygen  which  is  liberated  does  not  unite  with  water  to  form  hydro- 
gen dioxide,  as  in  the  case  of  barium  and  sodium  dioxides,  but  tinttee 
with  the  hydrogen  of  the  hydrochloric  acid  to  form  water;  the  clilo- 
rine  being  thus  set  free,  a  portion  combines  with  the  mangatH*si)ey 
while  the  remainder  i^a^^ses  oft'  in  gaseous  form,  according  to  the 
following  ecmation  :  MnOj  +  41101  =  MnCl,  +  CI,  +  2H^O.  The 
manganese  dioxide  used  slmul^l  Ije  fi-ee  trom  tine  particles,  in  pieties 
of  about  the  size  of  small  filberts,  and  used  in  such  quantity  tnai  it 
is  not  completely  covenxl  by  the  acid  liquid  ;  this  insui'es  a  slow  but 
regular  disengagement  of  chlorine  gas  and  diminishes  the  loee  af 
acid  vapors.  Chloriue  may  also  be  conveniently  evolved  from  a 
mixture  of  sodium  chloride,  manganese  dioxide,  and  sulphuric  acid 
somewhat  diluted  with  water,  sodium  chloride  yielding  over  60  per 
cent,  uf  its  weight  of  chlorine,  the  reaction  l:>ciug  the  following  : 
2NaCl  +  MnO,  +  2  H^SO,  =  Na^SO,  +  MnSO,  +  2H,0  +  CI,, 

Since  cold  favors  the  solution  of  gasc«  in  water,  it  is  desiniWc  tliat 
the  water  into  which  the  chlorine  is  couducte*!  be  kept  at  a  tempera- 
ture not  al>ove  10^  C.  (50°  F.),  at  which  temperature  water  alisorbe 
aljout  thi^ee  times  its  volume  of  clilorine  gas.  The  receiving  vch^I 
should  be  shaken  from  time  to  time,  as  long  as  absorption  /  ^^ 

which  is  shown  by  llie  stop|>er  being  drawn  in  after  ag  in 

order  that  a  saturated  solution  may  be  obtained.  The  washing  of 
the  gas,  directed  in  the  official  jirocess,  is  for  the  purpose  of  elimiti* 
atiug  any  hydrochloric  acid  vaiK>r  which  may  have  passed  over  with 
the  chlorine. 

When  pre|mring  chlorine  water^  sulphurous  acid,  and  similar 
solutions  it  may  happen  that,  owing  to  cessation  or  interruption  of 
the  gas'flow,  a  partial  vacuum  is  producttl  in  the  generating  Aaak^ 
and)  as  a  oonseipience^  liquid  from  the  wash-bottle  is  drawn  ovrr 
into  the  flask,  and,  coming  in  contact  with  the  hestetl  glaaa^  will 
fiiusc  a  fracture.  This  may  Ije  avoided  eitlicr  by  using  a  aafetj- 
tub  '      ainectiDg  the  flask  from  the  wash-bottle  as  soon  as 

ga^  ^c  to  paas  over. 

Chlorine  wati*r  is  very  unstablei  and  must  1^'  presented  So  amall^ 


comjiletely-filled  vials,  s<?ciirely  stoppered  and  jiaraffined^  in  a  cool 
dark  place,  otherwise  chlorine  will  escape  and  the  formation  of 
hydrochloric  acid  rapidly  set  in.  It  is  one  of  those  preparations 
requiring  the  pharmaci&t*s  special  attention,  for,  %vhen  prescribed  by 
physicians,  it  is  wanted  of  full  strength,  which  is  not  possible  if  tlie 
solution  be  carelessly  preserved  in  partly-filled  bottles  or  ex]>osed  to 
daylight 

The  strength  of  chlorine  water,  recjuired  by  the  Pharmaeopceia  to 
be  ^  of  1  per  cent,  by  weight  of  chlorine,  can  be  ascertained  by 
decomposing  a  solution  of  i^Jtassium  iodide  by  means  of  the  chlorine 
water  and  volumetrically  determining  the  amount  of  iodine  thus  set 
free.  Chlorine  always  displaces  i<xline  in  atomic  proportions,  and, 
in  the  oflGcial  assay  the  follo\nng  reaction  takes  place :  *2KI  +  Clj 
==  2KC1  +  I3,  70.74  )>arts  of  chlorine  liberating  253.0I)  parts  of 
iodine ;  therefore,  17.7  Gm.  of  chlorine  water,  containing  0*0703  Gni. 
of  chlorine  (0.4  \yev  cent,  of  17.7),  would  lil^erate  0/25306  Gm.  of 
iodine,  which  is  held  in  solution  by  an  excess  of  potassium  iodide. 
The  actual  amount  of  iodine  set  fi-ee  is  determined  with  ^  soflium 
tlijosulphate  solution,  of  which  each  Cc.  will  daxtlorize  0.012653 
Gm.  of  itxliue  in  solution,  aceortling  to  the  following  reaction  ; 
2(NaAO  H-  5H,0)  +  I,  =  ^Nal  -f  NajSA  +  lOHjU,  sodium 
iodide  antf  tetrathionate  being  formed,  which  both  yield  colorless  solu- 
tions. Since  253.0(5  Gm,  of  io<line  are  enfual  to  70.74  Gm.  of  chlorine, 
each  Ccofthe-py  sodium  thiosulpliate solution  will  represent  0.003537 
Gni.  of  chlorine,  and  the  numl>er  of  Cc,  necessary  to  dc<x)lorize  the 
deep  red  liquid  may  lie  multiplietl  by  0,003537  to  find  the  total 
~  aount  of  chlorine  present — this  multiplied  by  100  and  divided  by 
the  weight  of  chlorine  water  used  indicates  the  percentage  of  chlorine. 

BnoMiXE  is  employe*!  in  its  free  state  as  an  antiseptic  and  disin* 
/ectant,  and  is  occasionally  used   internally  as  an  alterative.     It  is 

heavy,  dark  brownish-red  liquid,  vvhicli,  even  at  ordinary  tempera- 
ires,  evolves  hig;hly  irritating  vajKjr ;  hence  (xansidenible  care  is 
Dficsessary  in  handling  bromine.  A  vial  of  bromine  should  be  well 
cooled  before  opening,  especially  in  warm  weather*  to  avoid  awi- 
dent8,  and,  if  large  quautities  ai*e  to  \m-  used,  as  in  the  manuJai-ture 
of  syrup  of  fermus  bromide  and  similar  preparations,  it  is  liest  to 
open  the  vial  of  bromine  under  ice  water.  Contact  of  bromine  or 
its  vapor  with  metallic  surfaces  must  be  carefully  avoided. 

The  manufacture  of  bromine  has  rapidly  increased  during  the  last 
thirty  yrai^,  and  immense  quantities  of  it  are  now  produced  in  this 
country.  It  occurs  in  nature,  in  aqueous  solution,  combined  with 
sodium,  magnesium,  and  calcium,  and  is  present  in  sea- water  to  tlie 
extent  of  almut  jlj  of  1  per  cent.  The  commercial  sources  of 
Vominc  are   the    mother-liquors    left   after   the    crystallization    of 

Hum  chloride  at  the  salt  wclk  of  Ohio,  Pennsylvania,  West 
^rginift,  and  Michigan  iu  this  country,  and  near  Stas*^furt,  in  Ger- 
many.    Sinw  the  bromides  are  far  more  soluble  tlian  the  chlorides, 
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thf  former  remain  in  soliitioo  in  the  motlier-liqiioi*s,  to  which 
name  biitern  is  given  in  this  country*  The  biltern  is  concenti 
until  a  ilensity  of  ahout  1.45  is  reached,  whieh  facilitates  the  further 
removal  of  chlorides  and  siilpliatt*s,  then  transferred  to  gtooe-wafe 
stills,  where  a  mixture  of  sulphuric  acid  and  manganese  dioxide 
added,  which,  with  the  aid  of  heat,  lilierates  the  bromine  accx)rdiBg' 
to  the  following  reaction  :  MgDr^  +  MnO,  +  2H,S04  :=  Br,  + 
MgSO^  +  MnSO^  +  2HjO.  The  bromine  vapor  is  condcnsecl  to 
wellHM^>led  receivers  and  freed  from  water  by  uistillation  over  cml- 
ciura  chloride. 

It  is  difficult  to  obtain  bromine  entirely  free  from  chloriiie«  the  pin 
usually  followed   being  distillation  with  a   bromide,   whereby    the  I 
corresponding  chloride  \^  formiMl  and  bromine  set  free.     The  Phar- 
macopceia  permits  the  presence  of  3  \^r  cent  of  chlorine,  an  excess 
being  indicated  by  the  formatiou  of  a  precipitate,  within  three  min- 
utes, u|K)n  addition  of  nitric  acid  to  the  H Urate  obtained  after  pre- 
cipitatiuu  of  1  Cc.  of  saturated  bromine  water  with  5  Ce,  y^  silver  j 
nitrate  solution  in  the  pnisenee  of  3  Ce.  of  ammonium  itirbonato  tpsl- 
solution.      Tl)is  test  depends  w^w  the  rejidy  solubility  of  silver 
chloride  and  the  sparing  solubility  of  silver  bromide  in  ammoDium 
carbonate  solution,  and  is  approximately  accui-ate.      It  has   been 
observed  that,  if  1  pr  cent,  of  cbloriDe  l)e  present,  the  addition  nti 
nitric  acid  causes  only  a  faint  opalescence,  out  do  precipitate,  e%*eii  ■ 
IQ   one  hour's  time;  2   |*er  cent,  leaves  the  liquid   perfectly  traiB- 
parent,  but  a  white  sediment  is  formed  in  thirty  minutes  ;  3  per 
cent,  causes  separation  of  white  floeculi  in  thrt*e  minutes,  ahhough 
the  lifpiid  remains  transparent,  w  hile  4  ).kt  ci'ut,  causes  turbidity  aod 
the  immediate  formation  of  a  fl(xrulcnt  precipitate*     To  detrrmme 
the  exact  amount  of  chlorine  present,  the  lx»st  plan  is  to  mix  1  Qm.  [ 
of  bromine  with  10  Cc.  of  distiller!  water,  adding  sufficient  ammonia 
water  to  pro4hice  a  cleiir  solution,  then  digest  with  barium  I'arbcmate, 
fdter,  evaporate  the  tiltmtc  to  dryness,  and  gently  ignite  the  snlino  I 
residue.     The  latter  should  l)e  soluble  in  absolute  alcohol,  and  cvcrj* 
0.0291  (im.  of  insoluble  residue  will  indirate  1  per  cent  of  chlorine,  I 
barium  eldoride  being  insoluble,  while  the  bromide  is  solubU*  in  ^ 
absolute  alcohol. 

Bii»m(»form  and  other  organic  impurities,  which,  in  [>art  at  Icast^  ] 
ire  derived   from  the  luting  and  fjisteningH  of  the  stills,  may  be ' 

Iiretfenl  in  bnmiine.  Iodine  is  rarely  present,  but.  if  so,  will  be 
ibeiated  by  ferric  chloride,  if  the  latter  be  ailded  to  a  solution 
of  bromine  previously  ahaken  with  reduced  iron  until  nearly  color* 
less,  and  mav  be  detected  with  the  aid  of  starch  \  the  reaction  ta  as 
follows  :  Fe'l^  +  VeS\  ^  3FeCl,  4-  I,. 

Rromine  ha^  l>c*en  found  an  efficient  antidote  to  the  poison  of  the 
rattlesnake,  and  the  following  formula  for  Bibrons  Anlidalf!  ta  taken 
from  I*arrish*s  Phai*macy^  published  in  1884 :  Dissolve  5  dracbmi 
(30<^  ^rniins)  of  bromine  in  <j  fluidounces  of  diluted  alcohol  mod  4 
graini  of  potaj^ium  iodide  and  2  grains  of  mercuric  chloride  in  ]| 
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fluidounces  of  diluUnl  alcohol;  mix   the  two  solutions.     Dttse:   10 
drot^  in  a  tablespoouful  of  bmudy,  to  be  repeated  as  m^uired. 

Iodine  is  more  extensively  employed  in  its  eleraentary  state  tlian 
any  other  element,  both  internally  and  externally.  It  was  formerly 
derived  solely  from  the  ashes  of  sen-plants,  |>articnlarly  of  certain 
species  of  Laminaria.  These  ashes  are  known  on  the  coast  of  Scot- 
laud,  where  at  one  time  the  chief  iodine  manufactories  were  locatal, 
as  kelp,  in  Norway  as  varec^  and  in  Spain  a.s  Utrilia;  they  contain 
iodine  in  the  form  of  alkali  iodides,  Nal  and  KI.  After  treatment 
with  water,  the  chlorides,  carbonates,  nnd  sulphates  present  are 
removed  by  evaporation  of  the  solution  and  cry^tallijcation,  sul- 
phuric acid  is  then  added  to  decompose  sulphides  and  other  sul- 
phur compounds  j  to  the  acid  liquid,  manganese  dioxide  is  added^ 
and  the  mixture  is  heated.  The  iodine,  volatilizing,  passes  into 
suitable  condensing  flasks  and  sublimes,  a  reaction  similar  to  that 
stated  under  chlorine  and  bromine  taking  place. 

At  present  vast  quantities  of  iodine  are  obtained  iu  South  America, 
from  the  mother-liquors  of  the  so-called  Chili  saltpeti'e,  siKliura 
nitrate,  which  contains  iodine  in  the  form  of  sotlium  iodate.  The 
imline  is  obtained  either  by  direct  pi^ecipitation  with  sodium  bisul- 
phite and  sulphur  dioxide  or  by  sublimation,  after  addition  of  man- 
ganese dioxide  and  sulphuric  acid  to  cuprous  iodide,  which  has  been 
previously  precipitated  from  a  solution  of  sotlium  imlide  by  cupric 
and  ferrous  sulphates.  The  chemical  reactions  involved  in  these 
two  pr^KJesses  can  be  seen  from  the  following  etjuations  ; 

By  direct  precipitation  : 
2NaI03  +  4NaHSO,  -f  SO,  =  4NaHSO,  +  Xa^SO,  +1,. 

B  v  s u  bl  i  ra  i  n a t i on ,  from  cu  prous  i chI  ide : 

1/  NalOj  +  3NaHS0,  =  3NaHSO,  -f-  Nal, 

2.  2NaI  +  2CuSO,  +  2FeSO,  =  CuX  +  Na,SO,  +  Fe,(SOJy 

3,  CuJ,  -h  2Mn03  +  4H^,  =  2Cu80,  +  2XInS0,  +  I,  + 
4Hp. 

The  crude  iodine  thus  obtained  is  freed  from  moisture  and  purified 
by  resublimation.  Commercial  iodine  may  contain,  as  impurities, 
^anogen,  chlorine,  and  l>romine»  present  as  CNI,  ICL,  and  IBr. 
The  PharmacojKeia  demands  the  absence  of  iodine  cyanide,  which  is 
a  very  [Kjisonous  compi>und,  and  limits  the  amount  of  chlorine  and 
bromine.  In  the  official  test  for  iodine  cyanide,  a  further  addition 
of  a  drop  of  ferric  chloride  test-solution,  made  before  adding  the  so- 
dium hydroxide  solution,  would  render  the  reaction  much  sharper, 
as  it  <le|)end8  upon  the  formation  of  ferric  ferrocvanide,  Fe^(FeC(Nj)j, 
which,  if  present  in  sufficient  quantity,  w^ill  settle  as  a  blue  precipi- 
tate, otherwisi*  only  a  blue  color  is  im(mrte<l  to  the  liquid.  The 
official  limit-test  for  chlorine  and  bromine  de|>ends  up^n  the  greater 
solubility  of  silver  chloride  and  bromide  in  ammonia  water  and  their 
sub^CHjuent  precifiilatiou  upon  the  addition  of  nitric  acid. 

The  Pharmacopoeia  requires  98.8.>  jjer  cent,  purity  in  i(»diuey  whidi 
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18  voliiraetrically  determiDe^l  with  y\  Biidiiim  thio*»iilphate  solum^^ 
each  C-c.  of  which  corre8i>onds  to  0.012653  Gra.  of  iodioe.      If  0.3i 
Gm.  of  iodine  be  used  for  the  vahmtion,  as  directed  in  the  Phar 
Cop<0iX  25  Cc.  of  the  y^  NajSjO^  solution  will  bo  required  lo  de^ 
ooloriase  the  liquid  eomplctelv;  for  f*8»85  per  cent,  of  0.32  iB  equal  to 
0.31632.  and  0.3irJ32  dividk  by  0.012653  yields  25.    The  raacdon 
involved  in  this  test  has  already  l>een  explained  under  chlorine. 

One  solid  and  two  liquid  prepfi rations  containing  iodine  in  n  free 
state  are  recognized  in  tlie  PharmatxjpfBia,  namely,  an  alcoholic  ttno- 
ture  containing  7  Gm.  of  iodine  in  100  Cc. ;  an  afjueous  i^ltittcm 
known  as  LugoFs  solution^  containing  5  per  ceirt-^  by  welghf|  of 
iodine  held  in  solution  by  twice  its  weight  of  potassium  iodidt*;  and 
an  ointment  containing  4  per  cent,  by  weighty  of  iodine^  Tlif 
amount  of  itxline  present  iu  any  sample  of  the  tincture  or  comj^tMitKl 
solution  can  be  readily  determined  by  titration  with  sodium  thio 
Bttlpliate,  as  direct^  in  the  PharmacojKeia  the  addition  of  {kiIii»- 
sium  iodide,  in  the  valuation  of  tincture  of  iodine,  is  for  the  purfto^^ 
of  preventing  the  precipitation  of  iodine  by  the  water* 

In  the  yatiotml  Fornnuiarif  tliree  other  liquid  preparations  of 
iodine  are  mentioned  :  Churcliill's  tincture  of  iochne^  Churchiirs 
iodine  caustic,  and  decolorized  tincture  of  iodine*  The  first  two 
named  should  not  be  confoundeil  with  each  other,  as  they  differ 
greatly  in  strength,  the  tint^ture  being  of  about  one-half  the  strength 
of  the  caustic.  Decolorized  tincture  of  iodine  ii§  not  a  scdution  of 
iodine  at  all,  the  name  being  misapplied  ;  the  finished  oolorlc<«  pro- 
duct contains  sodium  i*:»dide,  soilium  tetrathiouate»  and  ammonium 
iodide  formed  by  ni^ictiun  between  iodine,  Sfxlium  thiostilpliatev  iwid 
ammonia  water*  The  preparation^  in  a  short  time,  takes  on  a  dis- 
agreeable alliaceous  odor  and  deposits  crystals  of  sodium  tetratliioimtc, 
which  may  l)e  remove*!  by  filtrjiti<m. 

Lxline  forms  with  hydrogen  uu  im)>ortant  although  rather  uikstabte 
oom|K)und,  hydricMlic  acid,  HI,  which  is  the  active  ingredient  in  an 
official  syrup  of  that  name.  The  acid  can  be  obtained  by  bringit^ 
iodine  in  contact  with  hydrogen  sulphide,  but  is  preferably  made  by 
decomposition  of  an  alkali  iodide  by  tartaric  acid.  In  the  official 
form u fa  for  the  flvru|>  the  following  reaction,  vielding  hvdriodic  aei<L, 
fcakf^  place:  KI  +  HjC^H.O,  =  HI  +  KHCvH.O./thc  n  " 
acid  potassium  tartrate  being  removed  partly  by  using  a 
alcoholic  solvent  and  partly  l>v  exposing  the  mixture  to  Of>ld.  l(io.6t) 
parts  of  pota^^iura  iodide  yield  127.53  part^  of  liyciriodic  acid  ;  lience 
the  18  Gm.  usihI  in  the  official  formula  should  yield  10  Gra.,  or  sof- 
fideiit  to  make  IfXW  Gm.  of  s^yrup  of  the  require*!  strength,  1  per 
oent  by  weight  The  potnj?sium  hypophosphite  r>rderLMl  in  the  Plmr- 
mju'^qHeia  is  addinl  to  prcssfTve  the  acid  solutitui.  for,  if  any  iodine 
•hould  tje  lilieniti.^l,  the  ft j| lowing  i*eactton  would  take  place : 
KHjPO,  +  21,  +  2H,()  =  SHI  +  KI  +  H^PG,,  the  synip  thm 
being  rej*ton^l  to  its  original  i*onditiou.  In  all  probability  tber^  araj 
tracivt  of  five  fiypoplninphiirouH  acid  present  iu  the  synip  prepar^f 
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according  to  the  Pharmacopceia,  since  12  Gm.  of  tartaric  acid  are 
used,  of  which  only  11.75  +  Gm.  are  required  for  the  potassium 
iodide;  for  complete  decomposition  of  the  liypophosphite,  1.44  Gm. 
of  tartaric  acid  would  be  necessary. 

The  valuation  of  syrup  of  hydnodic  acid,  made  by  means  of  j^^  sil- 
ver nitrate  solution,  depends  upon  the  following  reaction  :  HI  -f* 
AgNOj  =  Agl  +  HNO3,  127.53  parts  of  the  acid  requiring  169.55 
parts  of  the  silver  salt  for  complete  precipitation ;  hence  each  Cc.  of 
the  decinormal  solution  containing  0.016955  Gm.  of  A^NO,  repre- 
sents 0.012753  Gm.  of  HI.  Potassium  chromate  is  used  to  indicate 
the  end  of  the  reaction^  by  forming  red  silver  chromate  as  soon  as 
the  hydriodic  acid  has  all  been  precipitated  as  silver  iodide ;  silver 
chromate,  however,  is  soluble  in  acid  and  alkaline  liquids,  and  am- 
monia water  is  therefore  added  to  the  syrup  to  exact  neutrality,  so  as 
to  prevent  the  liberation  of  nitric  acid  which  would  interfere  with  the 
precipitation  of  the  silver  chromate  aud  thus  vitiate  the  end  reaction. 
This  neutralization  in  no  wise  interferes  with  the  valuation,  the  reac- 
tions taking  place  as  follows: 

1.  HI  +  NH.OH  =  NHJ  +  H/). 

2.  NHJ  +  AgNO,  =  Agl  +  XH^NOj. 


CHAPTEH    XXXVIII, 


HULPHUR,  PHOSPHORUS,  CARBON,  AND  BORON* 


Sulphur  is  found  widoly  iliffused,  both  in  the  free  state  aud  in 
combination.  While  by  fsiV  the  gi*eater  portion  of  sulphur  used  in 
this  country  comes  from  Italy,  it  is  now  also  successfully  mtnixi  in 
the  States  of  California,  Nevada,  and  Utah,  a  becl  of  sulphur  2000 
feet  square  and  over  60  feet  thick  existing  in  the  latter  Slate,  Ckmi- 
mercially,  sulphur  occurs  in  four  varieties,  uaraely,  that  known  as 
stick  or  roll  sulphur,  chiefly  used  for  fumigation  and  bleaching;  and 
sublimed^  washed,  and  pi-ecipitated  sulphur,  extensively  used  in  tn^dt* 
cine.  Roll  sulphur,  also  known  as  brimstone,  is  prepared  by  heat- 
ing the  crude  sulphur  obtained  from  various  sources,  allowing  im- 
purities 10  settle  and  pouring  the  fused  sulphur  into  cylindrical 
moulds  in  which  it  is  allowed  to  congeal. 

Sublimed  Sulphur,  as  its  name  indicates,  is  obtained  by  vapori^iog 
sulphur  and  passing  the  vapor  into  large  stone  or  brick  cloambcrs, 
the  tem|)ei'atu!'e  of  which  is  not  alloweil  to  rise  above  1()0°  or  110** 
C\  (212^  or  230°  F.),  where  the  sulphur  is  dejKJsited  in  partly  crys- 
tallme  and  partly  amorphous  particles  known  as  flowers  of  sulphur. 
The  two  varieties  can  l)e  separated  from  eacli  other  by  treatment  Willi 
carbon  disulphide,  which  dissolves  the  amorphous  but  not  the  crystal- 
line sulphur.  In  boiling  solutions  of  alkali  hydroxides,  snlpbur  ta 
jKTfectly  soluble,  forming  ^iuch  com(>ound8  as  alkali  pentasulphide 
antl  thiosulphate.  Nearly  all  sulphur  is  cM:)ntaminatea  with  arsenic 
and  this,  as  arsenic  tersulphide,  AsjSj,  together  with  traces  of  sele* 
nium  and  some  sulphuric  acid  formed  by  oxidation,  are  the  umial 
in^purities  found  in  sublimed  sulphur.  Not  more  than  onisbalf 
{M*r  cent,  of  fixed  impurities  should  remain  upon  ignition. 

Wjishetl  Sulphur  is  ninignized  in  the  Pharmao<»|Keia  as  Sulphur 
Ivotum  and  is  pirfjannl  by  digesting  sublimed  sulphur  with  ditttti.<d 
ammonia  water.  This  trmtment  removt^s  any  sulphuric  acid  aod 
arsenic  sulphide  pn^sent  a^^  ammonium  sulphate,  arsenite,  and  aulph* 
arsenite,  atrording  to  the  fcdiowiug  reaction:  ILSO^  +  AaA-f 
8KH,0H^(NH,),S0,  +  (NH,), AsO,  +  (NH.^.AsS,  +5HA  Tbt 
mixture  is  snlisi^uently  strained  aud  the  resulting  purified  sulphur 
is  washed  with  cold  water  to  remove  excess  of  ammonia.  In  ihi? 
official  te«^t  for  tlie  absence  of  arsenic,  the  latter  substani!!*  wiiuld 
unite  with  ammonia,  as  above  stated,  and  be  precipitated  as  Aa|S^ 
upon  addition  of  hydrochloric  acid.  Since  traces  of  «eleuitini  are 
sometimes  present,  the  Pharmaeop<i?tn  givets  a  s|Kxnal  test  for  the 
Mtnc,  which  depi.»nds  upon  the  formation  of  pota88io-^Ieniuni  c^'anide, 
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[KSeCN;  this  is  decomposed  snbse<juently  by  hydrochloric  acid,  sepa- 
f  rating  seleoiuQi,  which  imparts  a  reddish  color  to  the  liquid.  Washed 
Biilphur  should  be  protected  agaiust  a  damp  atmosphere,  otherwise 
fihjw  oxidation  sets  in  and  an  add  reaction  Ix'coines  percejitihle. 

Pn?cipitatcd  Sulphur,  also  known  as  lac  sulphuris  or  milk  of  sul- 
pluir,  is  made  from  sublimed  .sulphur  by  first  uniting  tins  to  an 
alkali  and  then  decomposing  the  resulting  compound  with  an  acid. 
Milk  of  lime  is  preferred  mainly  on  account  of  its  cheapue}^s ;  upon 
Imiling  it  with  sulplmr^  1x)th  peDtasulphide  and  thiosulphate  are 
obtainc^d  in  6^>lution,  thus  :  128  +  3CaO  =  2CaS5  +  CaSiO,.  The 
Pharmacopoiia  directs  that  hydrochloric  acid  shall  l>e  added  to  the 
clear  tilti*ate  until  the  tatter  is  nearly  neutralizaj,  but  still  exhibits 
an  alkaline  reaction;  this  is  partly  to  avoid  decomposition  of  tlie 
calcium  thiosulpliate,  which  would  yield  sulphur  insoluble  in  i^rbtin 
disulphide  and  in  a  cctarser  state  of  division,  and  partly  to  ]ii^vent 
the  precipitation  of  any  arsenic  trisulphide,  for,  if  arsenic  had  l)een 
present  in  the  sublimed  feulplmr,  it  would  have  formed  calcium 
syJoharseuate,  CajAs-S^,  which  is  soluble  in  the  alkaline  li<|urd,  but 
is  aecxiiQ posed  by  acids.  The  official  process  causes  a  decreased  yield 
of  precipitatwl  sulphur,  but  a  purer  product,  the  final  reaction  being 
only  between  tlie  calcium  pentasulphide  and  hydrochloric  acid. 
Sulphuric  acid  is  sometimes  used  in  place  of  hydrochloric  acid,  but  is 
not  i>ermissible,  since  it  would  coutamtimte  thesulpliur  with  insoluble 
calcium  sulphate,  whereas  hydrochloric  acid  yields  calcium  chloride, 
,  easily  removable  by  washing* 

Sulphur  forms  two  compounds  with  iodine^  a  monoio<lide,  S^T^,  and 
a  hexiodide,  SI^ ;  only  the  former  is  of  interest  to  pharmacists,  as  it 
is  sometinies  used  by  physicians  iu  the  form  of  an  ointment.  The 
official  directions  for  making  sulphur  i<xlide  are  very  simple,  and, 
as  union  of  the  two  elements  taked  place  at  a  moderately  cJevateiJ 
temjierature,  loss  of  iodine  can  be  easily  avoided.  The  compound 
must  be  preserved  in  well-stoppered  vials,  as  it  readily  de«x»mposes 
when  exposed  to  the  air;  the  union  is  not  a  very  strong  one,  as 
boiling  water  is  capable  of  abstracting  all  the  imline  from  it. 

I06PHORU8  occurs  in  nature  chiefly  as  calcium  phosphate  which 
makes  up  the  structure  of  bone  and  is  found  as  extensive  mineral 
dci>osits.  Pure  phot^phurus  is  obtained  by  distilling  calcium  meta- 
phosphate  with  sand  and  charcoah  Owing  to  its  great  avidit}'  for 
oxygen  and  reaily  inflammability,  it  mtist  l*e  preserved  under  water 
ami  care  is  neceeenry  in  handling  it.  Elementary  pluisphorus  is 
used  to  a  oonsi^leniblc  extent  in  medicine,  entering  into  the  eom^Ki- 
eition  of  four  oHlcial  jjreparatious,  the  elixir,  oil,  pill,  and  spirit  of 
phosphorus;  all  but  the  second  named  have  ali-eady  been  considered 


in  previous  chapters,  on  )>ages  234,  240,  and  332,  where  also  sL>€cial 

! precautions  regari 
»avc  been  given. 


precautions  regarding  the  weighing  of  small  quantities 


jre  also  sii 
of  phospl] 


liorus 


IMia^iphomted  Oil,  or  Oleum  Phoaphoratum  of  the  Pharrnacopfvia, 
contains  1  |)er  cent,  of  phosphorus,  alK)ut  1>0  ]xt  cent,  of  expressed  oil 
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uf  almoud,  and  about  10  per  cent,  of  ether,  all  by  weight.    When  tl 
oil  is  heated  to  250"*  C  (482*^  F/)  for  fifu^n  minutes,  air  and  moiij 
til  re  are  fi  ri?t  ex  [Nulled  and  afterwartl  certain  orgsinic  mat  torn  ar 
v'olatilize<l^  the  oil  becoming  colorless ;  U[X)n  cooling,  floocnii  are  d€ 
jKBited,  which  are  removed   by  filtration.     The  addition  of  etJHTj 
materially  aids  in  the  preservation  of  the  solution.    Earh 
phos[>honUed  oil  i*epre8ents  10  milligmmmcs  of  phosplm 
is  e<|ual  to  about  J  grain  in  every  fluidrachm. 

Carbon  is  recognized,  in  the  Pharmacopcela,  in  the  form  o(  \ 
charcoal  and  animal  ehai'coal ;  tlae  former  will  be  considered  io  ealft-^ 
nection  with  the  prixlucts  of  wmidy  fibre  (see  Cellulose).  Aflimil 
charcoal  is  extensively  employed  as  a  decolorizing  agent  by  maim- 
fiictuHng  chemists;  it  is  prepiired  by  roasting  bone  in  iron  eyliDden 
until  vapors  c^iae  to  be  given  ofi';  the  residuary  charcoal  mixed  witb  i 
large  projiortions  of  inorganic  constituentii  is  known  in  its  criKle 
state  as  bone-black,  Meat  and  blood  are  al^o  made  to  yield  animal 
charcoal  by  a  somewhat  similar  procj'e^s.  Purified  animal  charcoal 
differs  from  crude  bone-black  in  having  been  re|>eatedly  treated  witli 
boiling  diluted  hydrochloric  acid,  whe^reby  all  acid  soluble  impurities,  \ 
such  as  calcium  carbonate  and  phosphale,  are  removed.  By  this 
treatment,  animal  charcoal  loses  about  SO  per  cjent.  in  weijjht,  leav- 
ing a  small  proportion  {4  per  cent.)  of  siliceous  matter  mixed  with 
the  purititxl  charcoal.  If  n<jt  <:*ompletely  carbonized,  animal  charcoal 
will  impart  tX)lor  to  water  if  boiled  with  the  same  in  the  prcj^ence  of 
potassium  hydroxitle.  The  remarkable  decolorizing  pn>})erty  of 
animal  chanx^al  is  due  to  the  very  fine  state  of  division  of  the  carbon 
and  its  consefpieut  increased  surface  attraction.  While  crude  animal 
charcoal  is  largely  used  for  neutral  solutions  in  the  arts,  i.nly  tbe 
purifier!  article  can  he  employed  for  acid  liquids  or  delicate  c^eoiiml 
solutions.  So-c^illed  spent  charcikal,  charged  with  oi^nie  ouitlori 
can  Ije  regenerated  by  appropriate  heating, 

Tlie  only  pre[xi ration  of  carbon  to  t>e  considered  is  carbon  djglll 
phide,  CS],  which  is  not  employed  medicinally,  but  is  a  valutUi 
solvent  for  ctioutchoue,  fati^i,  and  many  other  substances.  It  is  pre- 
paretl  by  dircc^t  union  of  charcoal  and  sulphur,  vapors  of  the  laiti^r 
being  passed  over  the  former,  lieated  to  rciiness,  and  then  (*ondem«d 
iu  suitable  receivers.  It  is  freed  from  dissitlved  sulphur  by  distil  la* 
tiou  on  a  water-bath,  while  hydrogen  sulphide,  whicli  is  also  formed, 
is  removes!  by  ngitiuion  tvith  menniry  ;  the  liquid  is  further  rectifird 
by  distillnlion  with  wax  or  fat,  whereby  certain  ofFensive  aid* 
phur  ntls  are    removed.     When    exi>osed    to    light,  carboQ 

disul[r  I mes  a  yellow  color  nutl  develo|is  a  fetid  oil ur|  owing 

to  cle^fimiJositiim.     The  Pharma(*<»pieia  dmrnnds  the  al)seaoe  of 
solvftl  .^ulpliur,  hydrogen  sulpbiile,  and  sulpfiur  dioxide. 

BonoN  i!*  never  u.s*d  in  (dmrnuK'y  or  uictlicfne  in  its  free  i 
It*  «'i»mp<»und  with  oxygtni,  Ujiic  acid,  will  Ik*  <x>nsidertd  in  the 
chapter. 


CHAPTER     XXXIX. 


THE  IXOEGANIC  ACID?^. 


The  lUffereut  combioatious  of  hydrogen,  as  well  as  of  hydrogen 
and  oxygen,  with  other  non-inetallic  elements,  yield  a  class  of  cora- 
pouuds  known  as  inorganic  acids,  which,  bein£  extensively  employed, 
are  of  great  iraportant'e  to  the  pharmacist.  The  presence  of  hydro- 
gen, whether  it  has  been  introdnc*ed  in  its  elementary  state  or  in  the 
form  of  water,  lends  to  these  compounds  their  peculiar  acid  char* 
acter.  Compounds  with  oxygen  only,  possess  no  acid  properties  and 
are  termed  anhydrides  or  simply  oxides ;  they,  however,  will  unite 
chemically  with  water  to  form  well-defined  acids ;  thus  we  have  sul- 
phurous and  sulphuric  anhydrides,  80j  and  SO,,  known  also  as  sul- 
phur dioxide  and  trioxide,  which,  combining  with  water,  yield 
sulphurous  and  sulphuric  acids,  as  SO,  +  H,0  =  II^SOj  and  SO3+ 
H,0  =  HjSO^ ;  carbon  dioxide,  CXD^,  in  contact  with  water,  yields 
carbonic  acid,  H^COj ;  nitric  anhydride,  or  nitrogen  pentoxide,  NjOj, 
yields  nitric  acid,  HNO^,  thus  N'p^  +  Up  =  2HNOj ;  phosphoric 
anhydride  or  pho^^phorus  pcntoxide,  PjO^^,  will  yield  with  water 
phosphoric  acid,  H3PO,,  thus  P^  +  ^H/)  =  2II3PO,,  etc. 

Acids,  as  is  well  known,  are  characterized  by  a  sour  taste*  the 
property  of  changing  the  color  of  blue  litmus  paper  to  red,  of  ncu« 
traliscing  alkalit^,  and  of  forming  with  these  and  other  bases  well- 
defined  salts.     The  salts  thus  formed  are  not  always  neutral  cora- 

Sounds,  which  fact  is  due  to  different  basicity  of  the  various  acids, 
ependiug  ujjon  the  numl)er  of  replaceable  hydrogen  atoms  present 
in  the  acid  ;  hence  the  terms  mono-,  di-,  tri-,  and  tetrabasic,  referring 
to  the  presence  of  1,  2,  3,  or  4  atoms  of  hydrogen,  which  can  be  re- 
placed by  as  many  basyloiis  atoms  or  groups,  giving  rise  to  normal 
and  acid  salts.  Normal  salts  are  such  as  are  formed  by  complete 
saturation  of  an  acid  by  a  bast*,  or,  in  other  words,  they  are  produced 
whenever  all  the  replaceable  hydrogen  of  an  ai^!id  is  replaced  by  a 
base;  acid  salts,  on  the  other  hand,  still  retain  a  part  of  the  replace- 
able hydrogen  of  acids,  and  are  the  result  of  imix»rfect  neutralization 
of  an  acid  by  a  base*  (Exanmles,  KNCX  ana  Na^SO,  are  normal 
salts,  while  NanCT>j  and  KH^POj  are  acicf  salts.)  Monobasic  acids 
can  never  form  acid  salts.  In  the  pharmacopceial  chemical  formulas 
for  acids  the  replaceable  hydrogen  is  stated  first,  hence  the  basicity 
of  the  acid  can  oe  seen  at  a  glance  ;  thus  hydrochloric,  hydrobromic, 
hypophosphorous,  and  nitric  acids  are  all  monobasic,  sulphurous  and 
sulphuric  acids  are  dibasic,  while  boric  and  phosphoric  acids  are 
tri  basic. 
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Both  crude  autl  purified  acids  are  offered  for  side  by  manufiKv 
turens ;    the   former^  while   suitable   for   mauy  tt^t-Imical    \ynr\*o^e^^ 
should  never  be  used  for  pbarmac^Hitical  preparations.     A  verv  im- 
portant point  in  eoniiectioii  with  inorganic  acids  is  the  per<x*ntage  _. 
absolute  acid  present  in  the  commercial  solutions  sola  under  lbei| 
respective  names.     The  Pharmacopoeia,  in  every  instance,  clest|a>iit 
the  percentage  strength  of  the  official  acids,  and  pharraacii^ts  slionldj 
insist  on  being  furnished  such  acid^  by  manufacturing  chennsts  ;   the 
designation   C\  P.  (chemically  pure),  placed  on   the  labels  of   iu:ii|  i 
bottles^  is  no  cine  as  to  the  strength  of  the  solution  ;  either  the  initiaL 
U»  S,  P,  or  the  percentage  of  absolute  acnd  should  be  stated.     Matiti* 
facturing  chemists  will  nut  be  slow  in  recognizing  the  jiistiee  of  ^urhl 
a  demand,  if  pimrmacists  insist  upon  it;  otherwise,  the  same  uiieer-l 
tainty  as  to  strength  will  cotitinue.     All  working  tbrnuUaH  nf  tin* I 
PharmacoiHiMa,  recpiiring  the  use  of  inorganic  acids,  are  based  udodI 
the  assuinpliun  titat  acids  of  official  strength  will  be  used.     AbaoiQtciJ 
purity  is  not  demanded  for  official  acids,  for,  while  this  is  csaeiilial  I 
for  chemical  reagents,  it  is  considered  unnecessary  for  medicinal  acidSp 
and,  if  inaistetl  upon,  would  greatly  enhance  the  cost  of  the  article^ 
without  improving  tlie  acid   for  medicinal  or  pharmaceuticnl   pur- 
poses,    Certain  impurities,  which  it  w^ould  be  difficult  to  i^move  ' 
entirely,  except  at  considerable  expense,  are  alluwe<l  by  the  Phanoa- 
copcpia  to  be  present  within  prescTibxl  limits.     As  difTerent  acids 
have  different  saturating  powers,  the  official  volumetric  deternitnations 
are  only  useful  in  fixing  the  strength  of  the  acid  examined,  after  ibe 
al>8ence  of  other  acids  has  been  proved  by  the  tests  prescril»ed   for 
that  purpose. 

Only  such  inorganic  acids  will  be  considered  here  as  are  defiignittal 
in  the  Pharmacopoeia,  and  are  therefoi-e  of  special  interest  to  tbe 
student  of  phunna<y .  Details  of  the  Tnauufactui'e  of  the  le:i  '  ids 

will  n(»t  be  4"8sayed,  as  the  text-books  on  chemistry  furnish  in- 

formation. While  there  must  naturally  exist  a  great  diversity  in  cbc 
strength  t»f  the  various  so-called  strong  acids,  the  PharmacojMEia  bus 
fixed  the  pro}iortion  of  absolute  acid  in  all  official  diluted  inornmic 
acids  at  lU  percent,  with  the  exception  of  diluted  nitro«hydrcicfiiortc 
aoid*  Witli  one  exception,  boric  acid,  all  the  official  inorganic  acidd 
are  liquid,  although  the  Pharmacopoeia  also  <-  -       Ms  two 

compoundi^,  ai-senic  trioxide  and  chromium  i  viU   be 

oooAjdered  elnewhere. 

The  following  is  a  list  of  the  official  inorganic  acids :  Boric  Acid, 
Diluted  I  lydrobroraicAeid^  Hydrochloric  Acid,  Dilnteil  Hydrochloric 
Acid,  Piluteil  ITypophoHp borons  Acid,  Nitric  A<'id,  DilutHl  Nitric 
Acid,  Nitrohydrochloric  Acid,  Diluted  Nitrohydrm^hloric  And,  Phos* 
phoric  Acid.  i>ilut<tl  Pho«*i>horir  Acid,  Sulphuric  Acid,  Arotnatio 
hulphuric  Acid,  Dilutinl  8iilphuric  Acid,  SulphuriMis  Arid, 

Boric  Acid.  H^BO,  or  B(OH),.  Boric  acid  «HiU(^  m  tuiuire 
botli  in  a  free  and  combined  statCi  the  free  acid »  in  the  fomi  of 
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vapor,  ib^iiing  will)  steam  from  the  earth  in  volcaiiie  regions,  par- 
ticularly in  TueeaDV,  Italy,  while  the  combined  aeid  is  usually  found 

[M8  sodium  tetraborate  or  borax.  Medicinal  boric  acid  h  probal)ly  all 
obtained  by  dei'om  posit  ion  of  a  boiling  solution  of  bonix  with  hydro- 
chloric acid,  whicli  latter  is  preferable  to  sulphuric  acid,  aa  it  can  be 
more  readily  remove*!  by  Nvashing  from  the  crystals  of  Ujric  acid  ; 
the  reaction  is  a  very  simple  one^ — (NaaBp.  +  lOUjO)  +  2H€1  = 
4H,B03  +  2NaCl  +  5H/}.  When  heated,  boric  acid  gradually  loses 
water  and  is  convertetl  into  metaboric  acid,  HBO,,  with  increasing 
temjieraturc,  into  tetraboric,  HjB^O,,  ami,  finally,  above  160^  C* 

AS'2iy   F.)  all  hydrogen  Is  eliminati^^l  in  the  form  of  water  and  boron 

ftrioxide  remains;  thus  2H3BU^  =  B^Oj  +  ^HjO. 

The  PharmacNvpfx-ia  retjuires  the  absence  of  all  impurities  in  boric 
acid  ex*x»pt  traces  of  iron.  Its  chief  characteristics  are  that  it  imparts 
a  green  color  to  the  flame  of  burning  alcohol,  and  that  it  changes 
tlie  yellow  color  of  turmeric  paper  brown  even  in  the  presence  of 

phydrocliloric  acid. 

Diluted  Hydrobromic  Acid.  An  aqueous  solution  containing 
10  per  I'ent-  by  weight  of  absolute  HBr.  Pure  hydrobromic  acid  is  a 
_      [>us  compound,  and  is  rather  unstable.     The  medicinal  acid  is 

Iprepai-ed,  l>y  raanufaeturers,  usually  of  two  strengtlis,  34  per  cent, 
and  10  })er  cent*,  the  former  being  the  more  economical  article  to 
pnrchnsc*  us  the  re<jtiisite  proportion  of  water  in  re<luce  it  to  the 
official  acid  can  be  ea^nily  adde<i  by  the  pharmacist,  10  Gm,  of  34 
per  cent,  acid  mixed  with  24  Gm.  of  distilled  water  yielding  34  Om. 
of  10  per  cent.  acid.  Uydrobromic  acid  can  be  obtained  in  several 
ways,  hut  is  usually  made,  on  a  large  scale,  by  a  method  first  sug- 
ested  by  Dr,  S<juibb,  MtKlerately  diluted  sulphuric  acid  !s  poured 
slowly,  and  with  constant  stirring,  into  a  hot  saturated  solution  of 
potassium  bromide,  when  the  following  decomposition  takes  place: 
2KBr  +  HjSO^  =  2HBr  +  K^O^;  after  twenty-four  hours  the 
potassium  sulphate  has  crystal lizetl  out,  the  solution  of  hydrobromic 
acitl  is  pouivd  off,  and  the  crystals  are  slowly  w^ashtnl  with  ice-cold 

•water  to  recover  any  adhering  acid.     Finally,  the  aeid  liquid  is  dis- 

rtilletl  in  a  glas«  retort,  on  a  sand-l>ath,  nearly  to  dryness.  Its 
strength  is  ascertaineil  by  titration  with  normal  potassium  hydroxide 

rfiolution,  and  sufficient  water  addcti  to  produce  either  a  34  or  10  per 
pnt.  solution  as  desircfl. 
For  prejiaring  small  quantities  of  the  official  acid,  the  precipita- 
tion method  of  Wa<le  and  Futhergill  may  {ye  employed,  which  is 
b4l^^?d  on  the  dci*^i!U|H»sition  of  ]>otassium  bromide  with  tartaric  acid  ; 
thuii  KBr  +  H,C,HA=  HBr  +  KHC^HPe-  ^  1^  p^*  of  potus- 
stum  bromide  and  15  Gm.  of  tartaric  acid  are  each  dissolved  in  30 
O*.  of  wld  ilrstille<l  water  ;  the  acid  solution  is  poured  into  the  saline 
solution,  and  tfic  mixture,  after  having  l>ecMi  well  shaken  for  five  or 
ten  nnnutex,  is  plainnl  in  icN'-water  ur  an  ir 
thirtv-tiJx  lnmrs:   it  is  ttieu  filtcn-d,  and  th< 
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wiL^liefl  with  iee-cold  water  until  the  filtcrotl  liqniJ   weighs  81 
A  small  quautity  of  acid  potassiitm  tartrate  is  apt  to  remnln  in  rf 
diluted  iieid  prej^iared  by  this  method. 

The  Pbarruacopieia  excludes  all  im|HiritIes  cxwpt  sligiit  irai »  -  -<: 
ai'senic,  and  directs  that  8.08  Gm.  of  the  official  dilutetl  a**i«l   '^h^iU 
require  10  Cc.  of  ^  KOH  sohitioii  for  ueiitralizatioa.      A' 
to  the  equation,  KOH  +  HBr  =  KBr  +  H/J,  each  a\  of  ! 

solution  contaiuing  0.05599  Gm.  of  KOH  wrresponds   to 
Gm.  HBr,  and  10  C<!.  would  ix)rres[X)nd  to  0*8070  Gin,,  w... 
praetitnllv  10  per  cent,  of  8.08  Gm.     The  official  acid  has  a  s|»- 
gmvity  of  about  L077  at  15°  C.  (59°  F.). 

Hydrochlork'  Acii).  Tiiis  acid  may  be  prepared  ijiiite  pun?  by 
decomposing  Hodium  cliloride  with  pure  sulpliuric  acid  und  cou- 
ducting  the  gas  into  water.  The  crude  acid  of  c^miraeroe  is  iirteu 
obtained^  as  a  by-product,  in  the  manufacture  of  sodium  or  pi>ta$- 
aium  carbouatea  from  tlie  rcjsjMJctive  chlorides ;  since  6ijl|ihiitt»  an* 
first  made  in  this  procesi*  l»y  acting  on  t!ie  rhloridt^  with  unlnhuric 
acid,  the  reactions  are  the  same  in   the  manufacture  of  <tu€1c  ami 

Sure  acid,  and    jKissiblv    tKtur   in    two  distinct  steps,  namcK* :  1. 
raCl^H^SO,=  HCl  +  NaHSO,.      2,  NaCl  +  NaHSO,=  HQ\  + 
Naj80|*     The  crude  acid  of  coraraerc?e  ia  often  of  a  deep  yellow 
color,  owing  to  organic  matter  and  traces  of  iron  in  sulutioti ;  h 
should  not  be  employed  tV»r  pliarraaceutical  preparations. 
Official   hydrochloric  acid    should    lie    free    from   all    itn; 

except  a  bare  trace  of  non-volatile  substances  and  arsenic,  tii . 

derived  in  all  proljability  from  the  sulphuric  acid*  It  haa  a  sfiCHnfir 
gravity  of  about  1.103  at  15° C  (59"'  ¥.),  and  should  contain  MM 
piT  ci»nt.  by  weight  of  absolute  HCl,  which  is  determined  by 
titration  with  ^  KOH  j^olution.  The  Pharniacopatia  direct*j  tlie  u*^ 
of  3.61  Gm.  for  the  assiiv,  which,  at  31.89  \y^v  wnt.,  should  coutiut) 
1.1608  Gm.  of  HCl.  '8inc^  ca^h  Cc.  of  ?  KOH  soUitioo  oorw 
rci*ptinds  to  0  0:^64  Gnu  of  HCl,  the  3.(34  Gm.  of  acitl  will  reqoin* 
31.9  0\  of  y  KOH  solution  for  complete  neutralir.ation^  for  U0ih^ 
dividf^il  by  0.0361  yirlds  31J9+. 

Strong  hydrothlorit*  acid,  when  exposed  to  the  air,  usmdlr 
dnces  white  ftnncs»  due  [wrtly  to  the  moisture  in  the  air  ami  (lortli 
to  the  ammonia  more  or  less  present,  ammonium  chl^i  1*1.    \u 
formed. 


I>rLUTED  HvDBocHliORic  AciD  IS  made  Irom  the  official  acid 
mixing  it  with  distilliHl  water,  in  the  proj)^>rti(m  of  10  ) 
former  to  2K9  parts*  i»f  the*  latter,  by  wei^ht»  or,  a*^  the  Plm  ^     ._i, 

giv(«  iU  100  Gm,  of  the  acid  with  t219  Gm.  of  dij^tilled  ^vater.     'Phi 
must  yield  a  liquid  containing  10  jmt  cent,  of  absolufe  HCl,  fi»r  the  \ 
Gm.  of  official  hvdrm*hloric  acid  cM»ntain  31.89  |>er  cent,  of  IICI, 
31  tt  U^   10  jHT  cent,  of  319  Gm.     Dib 

dk  jM'iifK  gravity  of  about  1.050  at  15^^ 
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and  corresponds  in  all  its  properties,  reactions,  and  t^ts  to  the 
otfieial  stronger  acid,  except  that  it  is  odorless  and  produces  no  fumes 
when  ex|)06ed  to  the  air^  and  that  3*64  Gm.  require  only  10  Cc. 
of  J  KOH  solution  for  uentralizatiou. 

Diluted  HypopH(jsi*HOKOi  s  Acid,  Hypophosphorous  and  Is  a 
strong  reducing  a^nt  used  in  pharmacy  chiefly  to  prevent  oxidation 
of  certain  unstable  solutions,  such  as  those  of  hydri«xlic  acicK  It 
can  be  obtained  by  decomposition  of  any  of  the  soluble  hypophos- 
phites  with  an  acid  yielding  an  insoluble  compound.  The  National 
Formulary  directs  the  use  of  potassium  hypophosphite  and  tartaric 
acid,  when  the  following  reaction  occurs:  KIljPO,  +  HjC'^H^O<j  = 
HFI^POjH-  KIIC^H^Og,  the  newly  formed  acid  potassium  tartrate 
being  removed  lM>th  by  the  use  of  a  hydro*alooholic  solvent  and 
cold.  Calcium  hypophosphite  and  oxalic  acid  have  also  l)eeD 
^employed  with  excellent  i-esults,  69  parts  of  the  former  requiring 
50.4  parts  of  the  latter,  and  the  reaction  occurring  thus  :  Ca  (HjPOjX 
+  H;CA=  2ITH3PO,  +  CaCjO,'  The  official  acid  contains  10 
jKr  cent,  i»f  abscilutc  HH^PO^,  and  has  a  specific  gravity  of  about 
1.046  at  15°  C.  (59°  F,),  but,  for  manufacturing  purposes,  a  50  per 
cent,  acid  is  also  on  the  market.  Traces  of  phosphoric,  oxalic,  and 
tartaric  acids,  as  also  of  potassium,  are  permitted,  as  indicated  in  the 
official  tests.  The  streuirth  of  the  acid  may  be  deterrain^'d  by  both 
its  ncutralixing  and  its  reducing  powers,  the  latter  l)eing  the  more 
reliable,  however,  although  the  two  tests  may  \>e  used  to  corroborate 
each  other.  The  reaction  between  hypophosphoi-ous  acid  and  |>otas- 
snim  t>f'rmanganate  takes  place  according  to  the  following  ecjuation  : 
5HH,PO,+ 6H,SO.+ 4KMnO,=  5H,PO,+  2KjSO,+ 4MnSO,+ 
6HjO;  hence  each  Cc.  of  ^^^  KMnO,  solution  oorresjxmds  to 
0.001647  Gm.  of  abscjlute  HHjPOj.  In  the  pharmacopceial  test, 
0.5  GuK  of  diluted  hy)xjphtisphorous  acid  is  used,  which,  as  seen 
above,  would  require  ^^0.3  Cc.  of  ^j^  KMnO^  solution  for  complete 
oxidation,  known  by  the  appearance  of  a  permanent  pink  tint ;  it 
has  Ix^n  found  more  convenient,  however,  to  add  at  once  an  exoesa 
of  the  KMnO^  solution,  and  determine  the  actual  excess  by  re- 
titnitron  with  oxalic  acid,  which  involves  a  further  reaction,  thus  : 

'2MnS<>^  +  I8H3O.  As  each  Cc,  of  def^inorraal  oxalic  acid  solution 
eorresjH)nds  in  value  exactly  to  1  C^.  of  deciuorraal  pota^ium  per- 
man^nuiite  solution,  simple  subtraction  of  the  number  of  C^.  neees- 
siiry  to  discharge  the  purple  color  will  indicate  the  actual  number  of 
Cc.  of  ^  KMnO^  ft«>lution  n^luce<l  by  the  sample  of  hypophosphorons 
arid  used,  and  this  raultiplifil  by  0.001647  gives  the  total  amount 
of  IIHjPO,  present;  from  thes<*  figures  the  percentage  can  be  readily 
calculateil 

XrrBic  Avw,     When  iMita-^j^iurn  or  smlium  nitrate  is  treated  with 
sulphuric  acid^  nitric  acid  is  liUratHl,  and   may  be  condensed  iti 
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suitable  receivers.  The  reaction*  iu  tli**  t*ase  of  |>c>tiissiinii  nitraM 
occurs  as  follows  t  KXC^-f  H,8(\=^  IINO^-f  KH80, ;  in  the  i^n 
of  Chili  saltjx?tre,  providtxl  a  suttideut  (lUfiotity  of  sodium  nitrnt**  Ik 
used,  two  distinct  reactions  niav  1^  said  to  *»ccur,  uaraely  ;  1*  !NaXO|^ 
-f  H3SO,  =  HNO5  +  NaHSO, ;  2.  NaHSO.f  XaX03=HNO,-r 
NejSO^,     So<liurn    nitrate   affords   a   larji^in*    yield    ihan  juiji 

nitrate,  since  tlie  acid  sodium  sidphate  reacts  with  the  ua«i  '^^ 

nitmte  at  a   much  lower  teinperatun*  than  the  acid  potasis^^iitiii    -    ' 
phate,  the  latter  re<iuiriug  a  temper'ature  at  which  the  nitric  aciu  u 
apt  to  be  decomposed. 

The  PharDiacopceia  demands  ai>sohite  purity  for  nitric  arid.      If 
exposed  to  sunlight,  the  acid  bouu  undergix^  decomposition,  a   rwl 
color  Ijcing  im|>artcd  to  the  liquid,  due  to  tlie  formation  of  nitr«Tj^»rT 
tetroxide,  N^O^,  hence  the  acia  must  be  kept  in  a  dark  place.      Nitn«' 
acid  of  different  strengths  is  phiL-ed  u[K>n  the  market  by  man ufatrt tiring 
chemistS;  ranging  from  1.21  to  1,50  s|>ecific  gravity,  heace  care  i*  r'- 
cessary  to  obtain  the  only  kiml  recogni^sed  by  the  IMuirmacopoBia^  wli 
contains  68  j>er  cent,  of  absolute  HN(3,  and  has  a  specific  gm 
1.414  at  15°  C  (59°  F.),  otherwise  considerable  annoyance  i 
exj>erienced  when  nitric  acid  is  to  be  used  as  an  oxidizing  agent  to 
any  of  the  official  preparations. 

Nitric  acid,  lieing  the  most  cormsive  of  the  official  acids,  requires  care 
in  handling  ;  in  contact  with  the  skiuj  it  acts  chemically  00  thi?  sann^ 
and  prochK-es  a  deep  yellow  stain^  this  behavior,  cliaracteristic  of 
nitric  acid  with  albuminoid  substances^  l)eiug  known  aa  tbe  xaotbo^ 
proteic  reactituu 

Each  Ca\  of  I  KOn  j^obitiou  will  i^prcsent  0,06289  (im,  of  abso* 
hue  IIXO5,  nitric  acid  l>eing  inonobaaic,  and  34  Ce,  will,  fberefore, 
be  neeeaaarv  to  neutralize  3.145  Gm.  of  the  official  acid,  fur  6^  per 
cent,  of  3.145  \h  2J38(>,  and  2.1386 divided  by  0  06289  v       ^      |. 

The  so  called  nitrous  acid  of  commerce  \^  simply  nii  trie 

acid,  that  ia,  nitric  acid  containing  variable  amouota  of  nttrog«ii 
tetroxide. 

DltrTED  Nitric  Ario  is  matle  bydilutm-  oiti-iii  ninic  ncid 
with  distillc<i  w«ter  in  the  proportion  of  100  (tm,  of  the  farnuT  to 
680  Gm.  of  the  latter,  and  must,  therefon*,  contain  10  per  cent,  of 
aWdntc  MXO,,  lOO  Gm.  of  official  a*icl  containini^  68  Gin.,  wbich 
arc  iH^ual  t*t  10  j>er  c<*nt.  of  680  Gnu,  the  total  weight  of  tbe  finiAbt^] 
prwluct.  It  has  a  i*iHrific  gravity  of  about  1X)57  at  15^C.  (59^  K), 
and  <L29  Gm,  should  rf^fjuirt*  10  Cc,  of  \  KOH  i$o1utiou  for  com* 
plete  neutrnliscation. 

NrTROiiYnnortiLORic  Arm.     This   pre[Mmition,  which    im  mbo 
knoivfi  m  nitromuriutic  ucid,  is  not  uf  a  definite  chemical  compo^-' 
ttotii  Imt  ill  (TonHidered  by  phvdicians  a  valuable  n'medtal  afeefit.1 
When  strong  nitric  and  hvdivKrfiloric  acids  ar-e  brought  into  * 
mutual  dwv>mpo**iti<in   takc-H  plac<*,  the  c(Mn|hHition  of  ilu*   u 
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product  depending  upon  the  proportions  of  the  aoids  usetl  and  the 
temperature  at  which  they  have  beeu  mixed.  The  Pliarmacoineia 
directs  IS  voluraes  of  nitric  aeid  and  82  volumes  of  hydrochloric 
acid,  and,  when  so  mixed,  the  following  reactions  probably  lake 
place:  HNO3  +  3HC1  =  NOCl  +  CI,  +  2H,0  and  2HNO3  + 
6HC:  ^  2NOCI5  +  Clj  +  4Hp,  nitrosyl  mono-  and  dichloricle  and 
water  being  formed,  while  chlorine  is  liberated.  The  mixture  is  at 
first  colorless,  but,  as  reaction  progresses,  an  orauge-reti  color  is  de- 
veloi>ed  and  effervescence  is  observed  ;  the  libemted  gas  is  very 
irritating^  hence  the  operation  should  be  conducted  in  a  ct>oI  place, 
in  the  open  air  or  under  a  ilue.  This  preparation  should  never  be 
matle  extemporaneously,  as  severe  accidents  may  result  from  such  a 
proceeding;  sufficient  time  must  be  allowed  for  complete  reaction, 
which  is  kuown  by  cessation  of  effervescence,  after  which  the  liquid, 
which  has  assumed  a  green-yellow  color,  should  be  preserved  in  dark, 
glass- stop jiered  bottles,  in  a  cool  plat^.  Nitro hydrochloric  acid  must 
never  be  dispensed  in  completely  filled  bottles,  and  the  patient 
should  be  cantioneil  against  keeping  it  in  a  warm  room.  The  acid 
is  also  known  as  chloro-nitrous  acid  and  aqua  n^ia,  and  owes  its 
power  of  dissolving  gold  to  the  free  chlorine  and  feeble  chlorine 
compounds  present. 

DiLUTET)  NiTROHYDn(><"HLOU!C  AciD  is  of  nearly  one-fourth  the 
strength  of  the  stronger  acid,  22.6  per  cent.,  and  is  preparctl  in 
exactly  the  same  manner,  the  diluent,  aistillcti  water,  not  Ix'ing  ailtled 
nntil  all  etlervescjeuce  has  ceased.  The  British  Pharraacf]>pceia  pre- 
pares this  acid  by  mixing  the  stronger  acids  at  once  with  the  water 
and  setting  the  mixture  aside  for  fourteen  days.  Conflicting  views 
exist  r^^rdiug  the  eom|)osition  of  the  finishe<i  prcMluct,  some  author- 
ities contending  that,  when  made  by  diluting  the  strong  acid*^  at 
once  with  water*  the  rtame  reactions  will  occur  as  in  a  mixture  of  the 
acids  alone,  except  that  the  decomposition  is  more  gradual,  while 
others  assert  that  little  or  no  change  will  take  place,  and  that,  in 
feet,  tlie  decomposed  strong  acids  will  l^e  again  rejitored  to  their 
original  condition  upon  the  addition  of  water,  nitric  and  hydro- 
chloric acids  bcingr  regenerated.  Certain  it  is  that  the  diluted  nitro- 
hydrtwhloric  acid  differs  from  the  strong  acid  in  IxMug  free  from 
color  and  possessing  only  a  faint  odor  of  chlorine  when  fresldy  made, 
which  is  gradually  lost  The  author  has  never  observed  any  effer- 
vescence or  change  of  color  or  odor  upon  mixing  the  strong  acids 
dire<H  with  water  and  allowing  the  mixture  to  stand. 

Phosphoric  Acid.  The  official  arid  is  a  dense  syrupy  liquid 
containing  85  per  cent.  «»f  absolute  orthophosphoric  acid,  Hj,PO.  or 
PC  KOHL  ami  has  a  si>ccific  gravity  of  1.710  at  15°  C.  {b'd''  F.)- 
Mc<licinal  phosphoric  acid  should  all  l>e  made  direct  from  phos- 
pbortii«;  usually  nxidntion  Iw  means  of  nitric  anM  is  rt^sorted  to,  each 
p«rt  of  pluj?*phoni*  riM|uiriug  about  31  parts  of  absolute!  nitric  acid 
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for  complete    conversion,    aecordiog   to    the    following    equatif 
5HNO3  +  Pj  +  2H,0  =  3H3PO,  +  5N0. 

In  onler  to  control  the  reaction,  about  an  e^jiial  weight  of  wat>?r  %a 
ruixe<I  with  a  portion  of  the  nitric  acid  eontaineil  in  a  flask,  the  phus- 
phorus  is  adiled,  and  the  whole  lieated  on  a  water-bath  ;  wheti  the 
reaction  slackens,  tlie  balance  of  the  nitric  acid  is  added,  uiuiilntedy 
small  portions  at  a  time,  and  the  heat  is  continued  until  all  tlie  phos- 

Shorus  is  dissolved,  after  which  the  liquid  is  heated  in  a  [Kircelain 
ish,  on  a  sandd>ath,  at  a  temj>erature  not  exceeding  190*^  C*  (374** 
F.),  until  all  traces  of  nitric  arid  have  been  i^emoved.  The  ohjrct  of 
limiting  the  teraperatui'c  is  to  avoid  convei-sion  of  the  orthophci^pho* 
ric  acid  into  pyrophosphoric  acid,  whicli  occurs  at  200*^  C.  (392^  F.) 
and  over.  Phoftphorus  is  frequently  contaminated  with  arseniir,  which 
18  be&t  removed,  at  this  stage  of  the  pnx^ss,  by  dihiting  tho  acid 
liquid  with  water,  passing  a  stream  of  hydrugcu  sulphide  thnnigh  it 
for  several  liours  and  afterward  setting  the  liquid  a'^ide  for  twenty- 
four  hours  to  allow  the  arsenic  sulphide  to  subside*  After  filtrattoa^ 
the  excess  of  gas  is  removed  by  heating  and  the  liquid  evaporaleci  I0 
the  desired  density,  every  ICM)  Giii.  of  phosphorus  used  yielaing  alnitit 
870  Gm.  of  official  phosphoric  acid.  This  is  essentially  the  modified 
process  suggested  some  years  ago  by  Dr,  S<juibb. 

In  1875,  Markoe  propos€<l  the  following  process,  which  has  since 
tlien  been  used,  with  marked  success,  on  a  large  scale,  900  Gm.  of 
phosphorus  are  placed  in  a  stone  jar  and  covered  with  5400  Gtn»  of 
water,  after  which  10  Gm,  of  icHJine  are  added  and  the  luixtum 
stirred  so  as  to  bring  the  iotline  into  coutaet  with  the  phosphorus. 
From  a  glass-stoppered  burette  or  funnel,  60  Gm.  of  bromine  are  now 
added,  drop  by  drop,  in  such  a  manner  that  i\\v  bromine  shall  strike 
the  phoj^phoms  as  it  falls  below  the  water.  Phosphorus  peotaiodide 
and  pentabromide,  PI5  and  PBr^,  chiefly  the  latter,  are  formed  by 
direct  union,  and,  wh«:in  the  reacti*)n  has  cea^,  64(K)  Gm.  of  nilnc 
acid  are  added,  the  jar  is  placed  in  en  Id  water  or  .HUrrouDded  with 
ioe,  to  control  the  rate  of  oxidation,  and  set  aside  until  solutinn  of 
the  phosphiirus  has  Ix^n  effecte*!.  The  acid  liquid  is  then  evapontted 
and  trtatetl  as  al>ove.  The  phosphorus  iodide  and  bromide  are  de- 
composed by  the  w^ater  present,  forming  phosphoric,  hydriodic,  and 
bydroliromic  arids ;  the  last  two  art^  decom{>o8ed  by  the  nitric  acid 
regenerating  iodine  and  bromine  with  the  liberation  of  nitric  oxide. 
The«e  i-eart ions,  cou tinning  until  all  the  pho«iphoru8  has  I  j- 

verted    into  phosphoric  acid,   mav   l»e  expres>»etl   bv  the   \  j;r 

equations;  L  PI,  +  6PBr,  +  24Hp  =  6H,PO,  ^^hUl  4.  25UBr : 
2.  HI  +  5Hnr  +  2HNO3  =  1  +  5Br  +  2XO  +  4H,0.  The  pro- 
cew  can  be  conducted  with  bromine  alone,  but  the  prepuce  of  icxlioe  hu 
been  found  to  modify  the  action  between  the  phosphorus  and  bromitie^ 

The  impurities  likely  to  be  met  with  in  phosphoric  add  caili  at  m 
nile,  be  avoided  in  the  process  of  manufacture,  phosphoroos  acid 
being  due  to  insufficient  oxidation,  while  meta>  and  pyropbospbarie 
ucick  arise  from  the  use  of  excessive  heat* 
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Phosphoric  acid  made  from  pht>8phorus  should  be  miscible  with 
tincture  of  ferric  chloride  in  all  proportions,  but,  if  made  from  glacial 
phosphoric  acid,  it  causes  turbidity,  which  is  in  part  due  to  the  pres- 
ence of  sodium  metaphosjihate  in  the  glacial  acid* 

The  value  of  tlie  volumetric  assay  of  phosphoric  acid  depends 
la^^ely  uj>on  the  indicator  employed  ;  complete  neutralization  is  not 
feasible,  since  the  normal  alkaii  phosphate  itself  gives  an  alkaline 
reactitjn.  Phosphoric  acid  is  tri basic,  and,  tlierefbrc,  caj)ablc  of  tbrm- 
ing  three  different  compounds  with  the  alkalies,  namely,  KHjPO^, 
ILHPO^,  and  KjPO^ ;  the  last-named  salt  is  alkaline  to  all  ci>Ior- 
indicators,  whereas  the  other  two  are  either  acid,  alkaline,  or  neutral 
to  different  indicators.  With  phenol phtalein,  KII^PO^  shows  an 
acid  reaction,  but  K^HPO^  a  neutral  reaction,  but  with  methyl- 
oranjsie  and  Congo-red,  KHjPO^  already  shows  a  neutral  reaction, 
and  K1HPO4  an  alkaline  reaction.  Therefore,  when  phenol phtalein 
is  used  as  an  indicator,  as  prescribed  in  the  Pharmacopoeia,  two 
molecules  of  [Xitassium  hydroxide  will  be  required  for  every  molecule 
of  absolute  phosphoric  acid  to  form  the  salt  K^HPO^,  secondary  or 
dibasic  potassium  pliosphate,  accortling  to  the  ec|uation  H^PO^  + 
2KOH  =  K3HPO,  -f  2H/J.  Each  Cc.  of  ^  KOH  solution,  con- 
taining 0,05599  Gm.  KOH,  will  indicate  0.0489  Gm.  U^VO^,  when 
the  neutral  reaction  wuth  phenol  phtalein  is  just  passed,  which  is 
shown  by  a  permanent  pink  tint  imparted  by  a  drop  of  the  alkali 
solution.  In  the  official  test,  at  least  17  Cc,  of  y  KOH  should  be 
required  before  an  alkaline  reaction  is  shown,  for  17  X  0.0489  is 
ecjual  to  0.8313,  and  80  per  cent,  of  0.978  is  0,8313.  With  methyl* 
orange  as  an  indicator,  each  Cc.  of  y  KOH  solution  represents  0.0978 
Gm.  HjPO^,  for  an  alkaline  reaction  (a  golden-yellow  color)  will  be 
observed  upon  the  addition  of  one  or  two  drops  in  excess  of  the 
cjuautity  ncix^^^sary  to  form  primary  or  monoba.sic  |X)tassiurn  phos- 
phate, KHjPO^,  an  equal  numl>er  of  moletides  of  the  acid  and  alkali 
Ining  concerned  in  the  reaction ;  thus,  U,PO,  +  KOH  =:^  KH,PO,  + 
HJX 


Diluted  Phosphoric  Acid  is  made  from  the  preceding  acid  by 
dilution  with  <listillt\l  w^ater  in  the  proportion  of  one  part  by  weight 
of  the  strong  acid  and  seven  and  one-half  f^rts  of  water,  or  100  Gm. 
and  750  Gm.  It  (Xjutains  10  |>er  cent,  of  absolute  H^PO^,  and  has 
n  sfiecific  gravity  of  about  1.057  at  15^  C.  (59°  F,). 

Sulphuric  Acid.  The  manufacture  of  this  acid  is  carried  on 
extensiively  in  this  country  and  in  Euro|)e,  iu  specially  coustructnl 
factor!^  so  arranged  that  the  fumes  from  burninj;  sulphur  or  iron 

f)yrites  are  brought  into  contact  with  stciim  and  nitric  acid  vapor  in 
eaden  chaniljcrs.  Nitrogen  trioxide  is  geueratixl  and  combines  with 
more  sulphur  dioxide,  aqueous  va[>or,  and  atmospheric  oxygen, 
forming  nitrosylsulphurie  acjid,  wdiich,  coming  into  (X)ntact  with 
water^  b  ileti>mpo9ed,  yieldinif  sulpliuric  acid  and  nitrogen  trioxide^ 
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and  this,  ill  turn,  again  unites  with  more  sulphur  dioxide,  etc* 
following  cTjuations  will  explain  the  various  stcpn  iu  tlie  proo<>R«i  : 

1.  2SO,  +  2HNO,  +  U,0  =  2H^0,  +  NA- 

2.  N,0,  +  2SO2  +  O,  +  H,0  =  2S0,0HN0,, 

3.  28O,0HNO,  +  H,0  =  2H,SO,  +^NA- 

The  foregoing  arc  thp  chief  reactions  involv^ed  in  the  matiufactar 
of  sulphuric  acid,  which  c<)ndenHes  and  is  dissolved  iu  the  wutiT  <x>v-1 
ering  the  floor  of  the  leaden  chanilx»rs,  thus  forming  a  dilute  aetd 
which  gradually  l^ecoraes  moi^e  concentrated ;  it  is  afterward  with* 
drawn,  still  further  conceutratwl  in  leaden  pans,  and  finally  distilled  I 
in  elas^  or^  preferably,  gold-lined  platinum  retorts. 

Crude  sulphuric  acid  is  often  wlored,  and  contains  nitric  und  sul- 
phurous acids  and  lead,  the  latter  being  i-eadily  detected  by  8im|il«| 
dilution  with  water.     Arsenic  is  almost  invariably  present,  and  thti§ 
is  tmnsferre<l  to  other  substances  in  the  manufacture  of  which  sul- 
pliuric  acid  is  used,  as  hydrochloric  and  nitric  acids,  phosphorus,  etc. 

When  sulphuric  acid  is  mixed  with  water  or  alcohol,  heat  i^ 
€le%^eloped  and  the  volume  of  the  mixture  is  invariably  contracted* 
Official  sulphuric  acid  isof  oilv  consistence,  and  lias  a  specific  gravilv 
of  L835  at  15°  C.  f59°  R).  '  It  shouUl  be  fr^  from  lead  and  oth^ 
mineral  impurities,  out  slight  traces  of  arrienic,  nitric,  nitrous,  and 
sulphurous  acids  are  [>ermitted.  The  Pharmacopoeia  rtH|uires  the 
presence  of  not  less  than  92.5  |>er  c*iL»nt*  of  al>solute  H^S*.),,  and,  as 
sulphuric  acid  is  bilwisic,  the  following  reaction  takes  plan*  when 


ing  0,05599  Gm.  KOH,  is  equivalent  to  0.04S91  Gm.  II^SO,. 


potJiHsium    hvdroxidc   is   addetl  to  complete  neutrality:    H 
2KOH  ^  K.SO,  +  2H,0.     Eacli  Cc  of  ^  KOH  solution.  *-unt«in- 


Aromatic  Sulphuric  Acid.    An  alcoholic  solution  of  milphuiic 
Mid,  flavored  with  ginger  and  cinnamon,  containing  alx»uf    10  per 
'teit.  by  volume,  or  nearly  20  per  c^nt.  by  weight,  of  official  acid.     It 
ia  a  lightK-olortHi  liquid  havin^  a  8(iecific  gravity  of  about  0  9SJ>  at 
IS**  C  (59^  F.).     The  a<id  should  be  addeil  to  the  alcohol  slowly  in 
a  thin  streami  with  constant  stirring,  and,  when  the  mixtiin*   haji| 
coohil,  tlic  tincture  of  ginger  and  oil  of  cinnamon  may  be  added* 
UfKin  standing,  chemical  action  ensues  and  a  part  of  the  sulphuric*' 
acid  is  gradtiallv  converted  into  ethvbsnlphuric  or  sulphovinir  aei<l« 
ao«H>rding  to  the  eauation  H^SO^  +  CjlIjOH  =  C^HbHSO,  -f  H^O, 
Tlie  new  <Him|)0unn,  also  known  as  acid  ethyl  sulphate^  is  soluble  iu 
water  and  aliHihol,  but  cannot  be  precipitated  by  barium  cl/ 
hjr  boiliuir,  it  ih  wplit  up  into  sulphuric  acid  and  alcohol;  he. 
FbamuieoiKLMa  <lrret!ts,  in  the  official  volumetric  test  for  anuuatic 
•olpliaric  acid,  timt  the  dilute  mixture  shall  be  boiled  for  a  few  mtii- , 
Dte  and  cooled  before  titrating  it.  | 

The  aromatic  sulnhuric  acid  of  the  present  Phannacopowm  diffbrsl 
oooflderalily  fri>m  tne  preparation  of  the  same  name  of  the  18701 
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Pharmacopoeia,  formerly  often  |>re3cTibed  under  llie  name  of  EUxlr 
of  Vitriol,  The  latter  pi^ejiaration  was  of  a  brownisli-recl  color,  and 
very  prone  to  precipitation  ;  it  was  made  by  j^ercolatiug  I  troy  ounce 
of  ginger  and  IJ  troy  oiinees  of  cinnamon  with  1  pint  of  ala>hol, 
and  adding  the  rt^^ulting  tincture  to  a  previoui?ly  prepared  and 
cooled  mixture  of  1  pint  of  alcohol  and  G  troy  ounces  of  sulphuric 
acid* 

Dn.UTE  SuT.PHURic  Acid  is  made  by  diluting  10  parts  by  %veight 
of  official  sulphnricacid  with  82|  jmrts  of  distilled  water,  or  IW  Gm, 
of  the  former  with  825  Gm.  of  tFie  latter     The  acid  should  be  added 

fradually,  with  c*>nstant  stirring,  on  account  of  the  heat  developed. 
t  contains  10  per  cent,  of  absolute  H^SO^  and  has  a  specific  gravity 
of  about  1.070  at  15°  C.  (59*^  F.). 

SuLPUTJROUs  Acid.  Under  this  name  the  Pharmacopoeia  recc^- 
nizes  an  a€|ueous  solution  of  sulphur  dioxide,  c*ontaining  not  less  than 
6.4  per  cent,  by  weight  of  tlie  gas,  Tlie  oBicial  directions  for  pre- 
paring the  solution  are  explicit,  and,  if  followed,  cannot  fail  to  yield 
a  satisfactory  product.  The  charcoal  acts  as  a  deoxidizing  agent 
upon  the  sulphuric  acid,  sulphur  dioxide  and  carbon  dioxide  Ixsing 
generatal,  as  shown  in  the  following  ecjuation:  4HjSO^  +  Cj  ^= 
)j  +  2COj  +  4H,0.  Heat  is  necessary  to  induce  the  reaction, 
in  order  to  intei'cept  any  impurities  which  may  be  mechanically 
carried  over  with  the  escaping  gases  the  latter  are  made  to  pass 
throu£jh  water  contained  in  a  wasli-bottle*  The  carlwn  dioxide  will 
escape  from  the  bottle  containing  the  distilled  water  as  the  sulphur 
dioxide  is  ab6orl)ed,  since  it  is  insolable  in  a  solution  of  sulphurous 
acid  \  it  may  be  retained,  however,  in  the  solution  of  sodium  car- 
bonate unle^  much  SO,  gas  should  als<j  paa*  over.  The  use  of  the 
bottle  containing  sodium  carbonate  solution  can  be  readily  dispensed 
with  if  the  operation  l>e  conducted  in  the  open  air  or  under  a  flue. 

In  the  place  of  charcoal,  pure  copper  foil  or  turnings  may  be  used 
for  the  generation  of  sulphur  dioxide;  the  yield  of  gas  from  an  efjual 
weight  of  sulphuric  acid,  however,  will  be  only  one-half  of  that  ob- 
tained with  charcoal*  as  may  l>e  seen  from  the  equation  4H^S04  -{- 
Cu^  =  2S0,  +  2CuSO^  -h  4H3O,  although  the  evolution  of  carl*on 
dioxide  is  avoided  ;  the  official  process  is  therefore  more  economical. 
A»>  in  the  case  of  chlorine  w*ater,  the  water  intended  for  the  ab?+orp' 
ktion  of  the  sulphur  dioxide  should  be  kept  cold,  so  as  to  avoid  tlie 
^lofiB  of  gas,  and  tlie  finishe*!  solution  mu^t  l>e  preserved  in  small, 
eomnleti'ly  tillc<U  glass-8topi)ei'ed  vials  in  a  oool,  dark  place,  as  the 
sulpnurous  acid  rapidly  absorbs  oxygen  and  is  converted  into  sul- 
phuric acid  when  carelessly  exported,  thus  losing  all  its  valuable 
medicinal  properties.     The  precautions  regariling  fracture  of  the  gen- 
eratin;^^  Hask,  already  stated  under  chlorine  water,  should   also  lje 
[observed  in  the  case  of  this  solution. 

The  pharmai^opcBial  test  witli  lead  a€\>tate  paj>er  depends  up<in  the 
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reactioD  between  sulphur  dioxide  and  nascent  hydrogen  (generated 
from  zinc  with  hydrochloric  acid)^  resulting  in  the  formation  of 
hydrogen  sulphide,  thus  SO,  +  H^  =  H,S  +  2H,0.  Slight  traces 
of  sulphuric  acid  are  unavoidable,  except  in  freshly  made  solutions ; 
hence  the  official  limit  test. 

The  strength  of  sulphurous  acid  solutions  is  determined,  volu- 
metrically,  with  iodine  as  an  oxidizing  agent,  the  following  reaction 
taking  place :  HjSO,  (SO,  +  H,0)  +  I,  +  H,0  =  2HI  +  H^O„ 
2  atoms  of  iodine  converting  1  molecule  of  sulphurous  acid  into  sul- 
phuric acid.  Each  Cc.  of  y\  iodine  solution,  containing  0.012653 
Gm.  iodine,  therefore  corresponds  to  0.003195  Gm.  SO,,  and  2  6m. 
of  the  official  acid  must  require  at  least  40  Cc.,  for  6.4  per  cent  of  2 
is  0.128,  and  0.128  divided  by  0.003195  yields  40.  Starch  solution 
is  used  to  indicate  the  end  of  the  reaction  by  striking  a  blue  color 
with  the  least  excess  of  iodine  added. 


CHAPTER    XL. 

THE  COMPOUNDS  OF  POTASSIUM. 

The  Pharmacopceia  recognizes  seventeen  salts  of  potassium,  besides 
seven  preparations  of  salts,  including  three  liquids,  for  which  work- 
ing formulas  are  given  ;  the  following  comprise  the  list : 

Official  English  Name.  Official  Latin  Name. 
Potassa,  Potassa. 
Potassa  with  Lime,  Potassa  Cum  Calce. 
Sulphurated  Potassa,  Potassa  Sulphurata. 
Potassium  Acetate,  Potassii  Acetas 
Potassium  Bicarlionate,  Potassii  Bicarbonas. 
Potassium  Bichromate,  Potassii  Bichromas. 
Potassium  Bitartrate,  Potassii  Bitartras. 
Potassium  Bromide,  Potassii  Bromidum. 
Potassium  Carbonate,  Potassii  Carbonas. 
Potassium  Chlorate,  Potassii  Chloras. 
Potassium  Citrate,  Potassii  Citras. 
Effervescent  Potassium  Citrate,  Potassii  Citras  Efferveseens. 
Potassium  Cyanide,  Potassii  Cvanidum. 
Potassium  and  Sodium  Tartrate,  Potassii  et  Soilii  Tartras. 
Potassium  Ferrocyanide,  Potassii  Ferrocvanidum. 
Potassium  Flypophosphite,  Potassii  Ily^pliosphitum. 
Potassium  loKdide,  Potassii  Icxlidum. 
Potassium  Nitrate,  Potassii  Nitras. 
Potassium  Permanganate,  Potassii  Permanganas. 
Potassium  Sulphate,  Potassii  Sulphas- 
Solution  of  Potassa,  Liquor  Potassse 
Solution  of  Potassium  Arsenite,  Liquor  Potassii  Arsenitis. 
Solution  of  Potassium  Citrate,  Litjuor  Potassii  Citratis. 
Troches  of  Potassium  Chlorate,  Trochisci  Potassii  Chloratis. 

Potassa.  KOH.  This  compound,  better  known  as  caustic 
potash,  is,  chemically  speaking,  potassium  hydroxide  or  hydrate, 
obtained  by  decomposing  a  solution  of  potassium  carbonate  with 
milk  of  lime,  evaporating  the  clear  filtrate  in  perfectly  clean  iron  or 
silver  vessels  until  a  small  quantity  of  the  liquid  congeals  upon 
cooling,  and  then  pouring  it  into  cylindrical  moulds,  whence  the 
sticks  are  removed  while  still  warm. 

The  purity  of  the  product  obtained  depends  upon  the  quality  of 
the  potassium  carbonate  employed,  and  if  made  from  the  bicarbonate 
it  is  of  much  better  quality.  White  caustic  )X)tash  in  sticks,  labelled 
potassa  by  lime,  is  the  kind  generally  used  for  pharmaceutical  pur- 
poses, and  should  not  contain  over  6  or  6  per  cent,  of  moisture ;  com- 
mercial caustic  potash  is  sometimes  found  to  contain  as  much  as  20 
or  25  jMT  c«nt.  of  water.  For  chemical  purposes  ]K)tassa  is  purified 
by  mi^ans  of  alcohol  or  bar}'ta,  being  then  known  as  potassa  by  alcohol 
or  pota.ssa  by  l>aryta. 
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Potassa  is  a  jx^werful  caustic,  very  deliquescent,  and  r 
sorbfl  carbon  dioxide  from  the  air ;  it  must  therefore  be  htii< 
fully,  and  preserved  id  tightly  stoppered  bottles. 

The  Pharmacoptcia  recjuires  that  olBcial  potassa  shall  ■    .;,    in" 
least  90  per  cent,  of  absolute  potaBsium  hydroxide,  whielj    i-    a---^  r- 
tained  by  titration  with  normal  acid,  each  (\\  of  which    nnn^r  — 
0.05599  Gm.  KOII  for  neutralization.     The  official  asaiiy,  rcH^ uinn^^ 
9  Cc.  of  J  HjSO^  for  0.66  Gm.  of  potassa,  is  only  absolutely  accural 
in  the  absence  of  soda,  as  the  latter,  having  a  lower  molecular  weight,] 
re*|uireH  a  relatively  larger  quantity  of  acid  for  saturation  ;  the  stnaUl 
amount  of  soda  permitted  will  not,  however,  materially  affect  tbe' 
result,  and  may  well  be  ignored. 

With  a  few  exceptions  tlie  limits  of  impurities  alloweil  by  tlie 
Pharmacopceia,  iu  tliis  aud  other  compounds  of  potassium^  rarely 
exceed  ^  of  1  per  cent,  aud  are  usually  determined  vol u metrically. 
Since  potassa  readily  absorbs  carbon  dioxide,  as  much  as  1,38  p«»r 
cent,  of  potassium  carbonate  is  allowed  in  the  official  article,  tis  &howii 
by  the  test  with  limc-waler;  5  Cc.  of  limc^-water^  containing  aliout 
0J48  per  cent.,  or  0.0074  Gm.  of  CaiOH)^,  are  capable  of  "pr«ci|ii- 
tatiiig  0.0138  Gm.  of  KjCO^,  which  is  equal  to  1.38  per  cenL  of] 
1  Gtn.  of  the  sample. 

Beskka  slight  traces  of  potassium  Bilicate  and  nitmtei  1.5  per  oeaU 
of  soda  ia  abo  jiermittcd  in  the  official  potassa,  which  is  iodicaled 
by  the  quantity  of  normal  jiotassium  hydroxide  solution  neoeanry 
to  caQSC  an  alkaline  reaction  in  the  filtrate  obtained  after  pn.tripi- 
tating  all  KOH  prcs<_^ut  iu  Or^^jG  Gm»  of  the  sample  as  acid  potaKsitim 
tartrate,  by  means  of  tartaric  acid.  Any  soda  present  in  the  potassa 
will  also  have  l)ecn  €*onvrrt«-Hl  into  an  acid  tartrate,  but  will  reruaiD  in 
solutinn,  and,  u[>on  the  addition  of  sufficient  y  KOH  solution.  becx>ii- 
verted  into  normal  double  tartrate ;  0,2  Cc*  j  KOH  R^lution  eorre^ 
sponds  exactly  to  0,<X)S  Gm,  NaOH,  which  is  1.5  per  cent,  of  0.5S 
Gm.f  and  the  lirst  drop  added  beyond  this  point  should  cacifit  a 
jKjmianent  pink  color,  if  it  has  not  already  appearetl,  showiag  mn 
excess  of  alkali. 

PoTAJ^A  WfTif  Lime.  This  prcpanition  is  a  simple  mechatiuiil 
mixture  of  cipiat  jmrts  of  potassa  and  liriie^  iutcnded  as  a  milder  ap^ 
plication  tlian  ]HHas*<(a  alone.  Tlie  object  of  mixing  the  ini^rtdteiil^ 
in  a  warm  mortar  is  to  prevent  the  absorption  of  moisture^  and,  as 
the  powder  rapidly  deteriorati^  uj^on  ex|M)snre  to  air,  it  must  lie  kepi 
in  tightly  stoppered  viaU.  Potai^^sa  with  lime  h  also  kiiowD  as 
Vienna  Canatic.     It  is  rarely  used. 

SuLPiniiATKi)  PoTA^SA,  or  Hver  of  sulpliur,  has  l>eea  ktiowo  for 
nearly  500  years,  and  for  over  1 00  years  has  lxH3n  made  in  the  same 
manner  as  now  officially  prescribed.    When  potassium  carbonate  and 

'   '  '       'dtogether^CMi'         '*        '    it^  evolved  and  tlj        *   *    ir 

i  |MitaaiSum,  toi  l[>ludes,  a  |>ortioii  h 
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IS  oxidized  to  ihiosulpliate  by  the  oxygeu  of  the  carbonate  in  excess 
over  that  pai=t8ing  off  as  carbon  dioxide*  Small  cjuamitie8  of  pjtai^- 
ftiuiu  sulphate  are  also  i)o«s*ibly  formed,  and,  sint^e  high  heat  favors 
such  a  change,  the  terai>erature  should  be  so  regulated  that  the  mass 
at  no  time  !^ha^  a«<suuie  a  thin  fluid  condition,  and  that  as  little  sul- 
phur as  possible  be  consumed.  If  the  preparation  is  carefully  maile, 
the  folluwiug  reaction  is  likely  to  oc*cur :  bK^COj  -f"  Sg  =  2X^83  + 
K2S2O3  -h  3COj ;  but  with  a  higher  heat  potassium  sulphate  is  formed 
from  the  thifjsulphate. 

Sulphurated  potasea  is  not  a  definite  chemical  compound,  its  com- 
position being  variable  and  depending  upon  the  care  useil  in  its 
manufacture.  It  must  be  protected  against  air  and  moisture  to 
avoid  further  oxidation,  which  is  indicated  by  a  change  in  color  from 
liver-brown  to  greeu  and  finally  gray. 

The  medicinal  virtues  of  sulphurated  potassa  reside  chiefly  iu  the 
potassium  sulphides  present,  the  Pharmacopoeia  demanding  at  least 
12*85  [wr  cent,  of  sulphur  in  such  combination,  which  may  be  de- 
^termineil  bv  treatment  with  crystallized  cupric  sulphate.  The 
'  following  eijuatiou,  Cn.SC>,5H,0  +  K^S^  =  Cu8  +  S,  4  K,80^  + 
5H,0,  shows  that  248.8  parts  tif  cryst.  cupric  sulphate  re<|uire  31.98 
parts  of  sulphur  for  complete  precipitation  of  the  copper ;  hence  1 
Gra,,  as  pit*H<niljed  iu  the  official  test,  will  require  0.1285  Gm.  of 
sulphur*  which  is  equivalent  to  12.85  per  cent,  of  the  weight  of  sul- 
phurated potassa  used. 

Potassium  Acetate.  KCVH^O*.  This  salt  is  prepared  by  neu- 
ti^lizing  acetic  acid  with  potassium  carbonate  or  bicarbonate,  the 
latter  being  preferable  on  account  of  its  greater  purity,  evaporating 
tlie  resulting  solutiou  to  dryness,  fusing  the  residue,  iind  allowing  the 

•  ealt  to  !^»lidifv\  The  product,  being  very  deliquesc^^nt,  must  be  lx)t- 
tled  while  still  warm,  and  should  Ix'  well  protected  against  air. 

The  ealt  absorbs  moisture  very  quickly  when  in  contact  with  air, 
which  it  is  impossible  to  prevent  while  weighing,  hence  only  98  per 
cent,  of  acetate  is  officially  demanded. 

In  order  to  determine  the  (juality  of  organic  salts  of  potassium 
volumetriciiUy,  it  is  nectssary  that  they  be  first  converted  into  carl>o- 
nnte  by  thorougli  ignition,  the  nxygen  of  the  atmosphere  aiding  in 
the  change.  In  the  mse  i»f  iK>tassiiim  acetate  the  following  reaction 
octurs :  2  KCjHjO,  +  O,  ^  K./;0,  +  3Hp  +  3CO„  two  mole- 
cules, or  196  parts,  of  acet^ite  fumisbtng  one  molecule,  or  138  parts, 

'of  iuibomitc  ;  eaclj  (C  of  y  Hj^SO^  thei^»forc  rei juiiwl  to  neutralize 
the  resulting  carbonate  in  the  t>fficial  test  represents  0  09!5  Urn,,  or 
m  |>er  ct?nr.  nf  acHate  ;  for  13S  :  196  ::  0.0B1» :  0.098, 

PmAfiSiDM  BicARBONATK.     KHCO^.     When  carlx)n  dioxide  is 

passed  into  a  concentrated  solution  of  |M)taasium  carl>onate,  chemical 

.onion  1*'^  '    >%  pitassium  birarlM>natf*  or  acid  carbonate  being 

yurmed  a  -  to  the  ^illation,  KjCO^  -f  Hp  -h  CO,  ^  2  KIICO,. 
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The  solution  is  afterward  decanted  from  any  separated  silica,  and 
crystallized.  Potassium  bicarbonate  is  permanent  in  the  air,  any 
hygroscopic  tendency  indicating  contamination  with  carbonate ;  this 
can  be  verified  by  adding  to  a  solution  of  the  salt  barium  chloride 
or  magnesium  sulphate,  which  are  not  precipitated  by  the  pure  bicar- 
bonate. The  Pharmacopoeia  admits  slight  traces  of  carbonate  and 
chloride,  also  of  iron. 

Potassium  Bichromate,  more  properly  Dichromate.  E^Crfij. 
Although  the  official  title  of  bichromate  has  been  retained  in  the 
Pharmacopoeia,  this  is  not  in  conformity  with  the  chemical  composi- 
tion of  the  salt.  The  term  bichromate,  according  to  accepted  usa^e, 
would  indicate  a  monobasic  acid  salt,  requiring  the  formula  KHCrO^, 
a  salt  not  known,  whereas  the  official  salt  has  the  compoeitiou  KjCr^O^, 
showing  it  to  be  a  compound  of  dichromic  acid,  H^CrjOy.  This  acid 
may  be  looked  upon  as  obtained  by  the  union  of  two  molecules  of 
chromic  acid  with  the  elimination  of  water ;  thus,  H,CrO^  +  HjCrO^ 
=  HjCrjOy  +  HjO;  or  it  may  be  assumed  that  chromic  anhydride 
is  capable  of  forming  both  chromic  and  dichromic  acids ;  thus,  CrO, 
+  H2O  =  HjCrO,  and  2  CrO.  +  H,0  =  Hfirfi^.  Dichromic  acid 
may  be  said  to  be  chromic  acid  holding  chromic  trioxide  in  solutioD, 
and  is  analogous  to  disulphuric,  or  fuming  sulphuric,  acid. 

Potassium  dichromate  is  obtained  by  treating  a  solution  of  the 
chromate  with  sulphuric  acid — thus,  2  KjCrO^  +  H^SO^  =  KfiTfi^ 
+  KjSO^  +  HjO — and   separating   the  resulting  salts  by  crystal- 
lization.    The  chromate  is   obtained  direct  from  chrome-iron  ore, 
FeOCrjOj,  by  roasting  the  same,  in   reverberatory  furnaces,  witb 
potassium  carbonate  and  chalk,  the  latter  simply  preventing  fusioti 
of  the  mixture,  which  is  finally  treated  with  water  and  strained   ^^ 
remove  the  iron. 

Potassium  Bitartrate.    KHQH^Og.    Acid  potassium  tartr^^^^ 
or  cream  of  tartar,  as  it  is  more  familiarly  known,  is  prepared      ^^.^ 
medicinal  use  by  treating  purified  tartar  with  diluted  nydrochli^:^^^ 
acid  for  the  purpose  of  removing  the  calcium  tartrate  present       ^ 
chloride ;  the  mixture  is  heated  and  constantly  agitated  while  cc^^*^*' 
ing.      Some  tartaric  acid  and  potassium  bitartrate  remain  snt  -*^ 
quently  in  the  mother-liquors,  which  are  utilized  in  the  manufact:^    ^^ 
of  tartaric  acid. 

Crude  tartar,  or  argol,  is  obtained  as  a  natural  deposit  in  wK-  ^^ 
casks,  during  the  fermentation  of  grape-juice,  and  is  purified  ^^ 
repeated  treatment  with  water,  clay,  and  animal  charcoal  to  rem  -^^^ 
coloring-matters  and  other  substances ;  the  filtered  solution  is  c^trys- 
tallize<l,  the  resulting  product  still  containing  5  to  15  per  cent^- ^^ 
calcium  tartrate  as  an  impurity,  which  remains. 

The  Pharmacopoeia  permits  a  very  slight  admixture  of  calcL  '•'^ 
tartrate,  less  than  1  per  cent.,  in  the  official  article,  but  demands  ^^ 
least  99  per  cent,  of  true  acid  potassium  tartrate,  which  is  determim^erf 
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by  conversion  into  carbonate  by  means  of  ignition,  as  in  tbe  case  of 
potassium  acetate,  and  then  titrating  with  normal  acid.  The  follow- 
iug  equations  show  that  876  Gm.  of  potassium  bitartrate  yield  138 
Gm.  of  the  carl>onate,  and  that  therefore  each  Cc.  of  f  HjSO^  must 
correspond  to  0.18767  Gm.  KHC,H,0,:  2KHaHp,  +  Oj^  = 
K.CO,  -r  7Co^  -h  5H,0  and    K,CO,  +  H,SO,  =  K^O,  +  CO,  + 

Wfiile  the  second  issue  of  the  United  States  Pharmaco^Keia  for 
1890  directs  the  foregoing  method  of  valuation  for  potassium  bitar- 
trate, tbe  first  edition  diretrted  the  assay  to  be  made  by  titration  of 
the  free  acid  present  with  j  KOH  solution,  each  Cc.  of  which  is 
capable  of  neutralizing  U.07482  Gm.  of  tartaric  acid,  and  must 
therefore  corresjioud  to  0*18767  Gm.  of  true  |>otassium  bitartrate, 
because  eiich  niolecule,  or  149.61  Gm.  of  tartaric  acid  will  yield  one 
molecule,  or  187.67  Gm.,  of  the  bitartrate,  a  mono-basic  acid  salt, 
which  has  one-half  the  saturating  power  of  the  pure  acid. 

Much  of  the  cream  of  tartar  sold  is  of  inferior  quality  and  often 
largely  adulterateil,  l>ut  there  is  no  difficulty  in  procuring  the  official 
article  if  it  is  desired,  a^  it  is  extensively  manufactured  in  this 
country  and  abroad. 

The  so-called  goluble  cream  of  taxtar,  or  boro- tartrate  of  |>ot&s* 
Slum  and  sodium,  is  officially  reoogoissed  in  the  German  Pbarma- 

i  Dopceia  under  the  name  kirtarus  boraxahis.     It  is  soluble  in  its  own 
ireight  of  cold  water,  and  is  prepared  by  digesting  5  jmrts  of  |)ota8» 

[sium  bitartmtc  in  a  solution  of  2  parts  of  borax  and  15  parts  of 
Water  until  dissolvcil ;  the  solution  is  evaporatwl  to  dr^^ness,  and  the 
residaei  while  still  warm,  reduced  to  powder. 

Potassium   Bromide.     KBr.     This  well-known   salt   may  Ije 

Lobtaine<l  by  decomposing  a  solutiou  of  ferrous  bromide  with  |Mitas- 

^gium  irarbonate,  heating  the  mixture,  filter  iug,  evaporating  the  filtmtc, 

and  crystallizing.     TIjc  prtn't^s  folio vval  by  lai'ge  manufacturers  is 

to  add  bromine  to  a  solution  of  potassa   until   tlie  liquid   ix^maius 

colored,  eva|>orate  it  to  dryn^s,  and  expose  tbe  saline  residue,  mixed 

with  charcoal,  in  small  portions  at  a  time,  to  a  rcKl  heat  in  an  iron 

crucible;  the  fused  mass  is  treate<]  with  water,  the  resulting  solution 

p  filtered  and  set  aside  to  crystallize.      When  bromine  and  potassa  are 

*  brought  together,  |>otassi urn  bromide  and  bromatc  arc  formetl ;  thus, 

6KOH  +  Br^  =  5KBr  4-  KBrO^  +  3H-0 ;    by  heating  the  mixed 

salts  with  charcoal  all  bromate  is  reiluc^I  to  bromide;  thus,  IvBrO^ 

+  C^=KBr-h3C0. 

The  chief  imourity  likely  to  be  encountered  in  potassium  brotnM- 
is  the  chloride  due  to  tbe  chlorine  present  in  bromine.     The  IN   . 
itnacop(Bia  demands  tbe  absence  of  more  than  3  per  cent,  of  chloride, 
which  is  aacertained  volu metrically  with  decinormal  silver  nitrnt^^ 
solution.     Since  potassium  chloride  has  a  lower  molecular  wt 
(74,40)  than  tbe  bromide  (118.79),  an  equal  weight  of  the  same  wiii 
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require  a  larger  aiuount  of  silver  i^oluiioii  lor  complete  precipitati 
upon  thii?  the  official  test  is  based. 

Tlie  following  rule  will  enable  aoyooe  to  ascertain  the  exact  per* 
centagc  of  potassium  ehlori<Ie  in  any  sampk  of  bromide  ;  Caleulaie 
how  much  1^  AgNOj  solution  will  be  required  to  precipitate  a  give« 
weight  of  pure  ^wiiassium  bromi<le,  and  find  also  the  qaantitj  oece^ 
sarj'  to  precipitate  the  same  weiglit  of  pui*e  potassium  chloride. 
(Assuming  that  0.5  Gm,  of  each  gait  be  taken,  it  will  require  12,09 
Cc.  of  the  silver  solution  for  the  bromide,  and  67.2  Cc.  for  the  chlo* 
ride.)  Subtract  the  lesser  amount  from  the  greater  (67.2^ — 42.00  == 
25.11),  and  the  remainder  will  represent  the  difference  for  100  per 
cent,,  or  absolute  purity.  If  this  remaiitdc^r  be  divided  by  100 
(25,11^-100^=0.2511),  the  quotient  will  i*epre&eut  the  qtiaotitv 
of  Y^  AgNOj  solution  necessary  to  indicate  1  per  cent.  Dtvicfe 
the  quotient  hO  obtained  into  the  dilference  between  ilie  quftutity 
o*'  t\  -^g^^^s  solution  rerjuii'cil  for  the  given  weight  of  a  aample  of 
bromide  and  for  the  same  weight  of  pure  bromide,  the  rv^iilt  will 
indicate  the  i>ert^ntage  of  chloride  in  the  sample. 

When  potassium  chromate  is  used  as  an  indicator,  no  [^ermanetit 
rctl  color,  due  to  silver  chromate,  can  appear  in  the  official  test  until 
all  bromide  and  chloride  have  Ix^en  precipitated.  Applying  the 
above  rule  to  the  quantities  of  potassium  bromide  and  silver  Bolutiao 
prescrilxxi  by  the  Pharmacop<Bia,  3  percent,  of  clilortdc  will  be  fouod 
indicated,  as  can  be  shown  by  the  following  calculations ;  1  Vc^ 
of  ^^  AgNO,  solution  represents  0.011879  Gnu  KBr  or  0.00744 
Gm.  KCl;  for  169.55  parts  of  silver  nitrate  will  completely  prect|>- 
itate  118,79  parts  of  potassium  bromide,  or  7  b4  parts  of  potassium 
chloride;  therefore  0.5  Gm.  KBr^  if  absolutely  pure,  wilt  i^uire 
42.09  Cc.  of  yV  AgNOj  solution— for  0.5  -4-  O.dl  1879  =  42,09.  and 
0.5  Gm.  KCl,  if  pure,  reijuire  67.20  (V.  of  ^\  H^^\  solution— for 
0.5 -H  0,00744  ^  t?7  20  ;  67  20  — 42.09  =  25  J 1,  and  26.11 -- 100 
=  0.2511.  Every  0.2511  Ce.  of  the  silver  sohitiou  used  in  excov 
of  42.09  Cc.  for  complete  precipitation  of  0.5  Gm.  of  |>otassittin 
bromide  will  indicate  1  |*er  cent,  of  chloride;  now,  42.85  —  42.09 
==  0.70,  and  0.76  h-  0.261 1  =  3. 

P<yrAs>!fii'M  Cahik^nate.  KjCO^.  This  com|>ound  is  fkmilitrljf 
known  as  salt  of  tartar,  a  name  given  to  it  l»ecause  it  watatmit 
time  prepared  by  ignition  of  tartar.  It  is  now  extensively  prepared 
from  potjissium  chloride  by  a  metlial  analogous  to  the  Leblacic  pro^ 
cet*s  for  making  sodium  carbonate.  The  purer  carbonate^  Midi  an  i% 
demiimlctl  by  the  Phar'  '    Mm^l  by  I  rystallijsed 

potax^ium  bicarlMmate  !  y  carlxHi  and  Mrnter 

are  eliminatetl  and  potassium  carbonate  rcniain«f  the  yield   lieing 
about  68  or  Ij9    per  cent.     The    reacti^^n    f-    n    \**rv    f«imple    on 
2K  HCX>,  =  K,CT),  t  CO,  -h  H,0. 

Pom    '  irbonate,  on  Mc*v»unt  nf  its  v«Ty  Wi'li<|i  tiaiuf 

aiu^t  1  vinl  in   wcll-«topji«rt^il   fM»(tl<^,  in  U  W  The 
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Tmrrnawpoeia  dcfuands  an  almost  absolutely  pure  salt,  95  per  cent 
of  potn-Hsiuni  airlwDate   iieing  re<iinre(l  and  only  slight  traces  of 
I  pota^iuni  dilorkle  and  iron  pennittetl  j  3  to  4  per  cent,  of  moisture 
IS  usually  present. 

Potassium  Chlouate.  KCIO3.  At  pin3seot  potassium  chlorate 
is  probably  chiefly  made  by  a  proL-ess  similar  to  that  given  in  the 
British  Pharmaeop«jeia,  which  consists  in  passini;:  chlorine  gas  into  a 
moist  mixture  of  potassium  carbonate  and  slaked  lime;  more  water 
is  snlisequently  added,  the  mixture  boiled  for  a  short  time,  and  set 
aside  to  crystallize.  The  product  is  purified  by  recry stall ization. 
The  first  reaction  produces  calcium  hypochlorite  and  chloride,  the 
former  being  decomposed  by  heat  into  chlorate  and  chloride  ;  calcium 
chliirate  then  reacts  with  potassium  carbonate,  forming  potassium 
chlorate  and  calcium  carbonate.  Leaving  out  the  intermediate 
products,  the  reaction  raav  be  expressed  as  follows:  KjCO,  + 
6Ca((  >H),  +  CI.,  =2KCIO;  +  5CaCl,  f  CaOO,  +  6H,0. 

Potassium  chlorate  is  rarely  found  impure,  and  cxvurs  in  com- 
merce both  in  the  form  of  crystals  and  fine  powder;  two  varieties 
are  met  with — the  British  and  French.  It  is  readily  decM>mpo8ed, 
oflen  with  explosive  violence,  when  triturated  with  such  sul>stances 
(ts  sugar^  tannin,  sulphur,  etc. ;  care  is  tiierefore  neisessary  when  such 
raixlures  are  to  lie  dispensed.     (See  also  page  356») 

PoTAssiT;5r  Citrate.  KjC^H^O,  4-  H.^O.  This  salt  is  prepaid 
by  neutralizing  a  sohitiou  of  citric  acid  with  potassium  carbonate  or 
bicarlwinate,  and  evaporating  the  solution  to  dryness,  with  Ciinstaut 
stirring,  so  as  to  obtain  the  salt  in  small  granules.  The  finished  pro- 
duct retains  a  little  over  5  J  per  cent,  of  water,  but  should  be  free  from 
injpurities;  the  eommeix?ial  article  is  frecjuently  acid,  showing  imper- 
firt  saturation.  As  the  salt  is  deliquescent,  it  must  be  well  prott<!ted 
against  air. 

In  order  to  determine  the  quality  of  potassium  citrate  volumetri- 
cally,  it  is  necessary  to  convert  the  salt  into  carbonate  by  ignition, 
ajid  then  to  titrate  with  normal  acid,  as  in  the  case  of  other  organic 
potassium  salts.  Citric  acid  l>cing  tril>asic,  two  molei'ules,  or  648 
parts,  of  potassium  citrntc  will  yield  three  molecules,  or  414  parts  of 
i^arbonate;  thus2K,C,H/XH,d  t^  O^^  =  3K3C03  ^  l*CO,  .  TH.O; 
therefort*,  1.08  Gm.  ordeml  in  the  official  test  should  yield  0.69  Gm. 
K|CO,,  requiring  10  C^\  y  H,SO,. 

Effeuvrscf.nt  Potassium  Citrate.  The  proportions  of  citric 
acid  and  [H)tassium  bicarbonate  diri*<led  in  the  official  formula  for 
this  preparation  are  exactly  right  for  forming  a  neutml  citrate,  as 
shown  by  tfie  ec|ualion,  HaC^HjO.HjO  -i  3KH(  O,  =  K,(;H,0,  -^ 
80O,  4-  4H,<),  Owing  to  the  small  amount  of  water  of  crystal  I  i/A- 
tion  presiint  in  the  dtric  acid,  a  slight  reaction  oocnirs  upon  triturat'- 
ing  tne  suUtanw^s  lr»gether,  a  jmsty  raaiyi  resulting,  but  complete 
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reactioD  is  not  iuteuded  to  take  place  until  tlie  finisiie^l  |ir*'fiamtir 
is  disBolved  in  wftter.     The  j)re^Tibe<l  temperature  mu?*!  uot  lj>e  ex-1 
ceeded  in  drying  the  mass,  8o  aa  to  avoid  fusion,  coloration,  and  \os» 
of  carbon  dioxide.     It  should    be  pi^eserved   in   tightly  sCopperai 
bottles^  in  a  dry  plaee* 

Potassium  Cyanide.  KCN  or  KCy*  This  very  poisoootm 
eompound  is  pr*'pared  on  a  large  Bcjile  by  expoiiing  to  red  lieal  m 
imxture  of  dried  potassium  ferrocyanide  and  pure  potar^ium  carboii- 
ate,  whereby  potassium  cyanide  and  cyanate  are  formed,  carbon  diox* 
ide  is dimioated, and  metallic  iron  is  precipitated  ;  the  fused  white  is]ft» 
is  careftiUy  decanted  and  allowed  to  solidify.  The  following  equntioo 
explains  the  reaction  which  takes  place:  2K^FeCH'g -h  ^KjCO^  = 
lOKCy  -r  2KCyO  -f-  Fe,  +  200,.  Potassium  cyanate  raay  be  r?^ 
moved  by  means  of  alcohol  or  carbon  disulphide. 

A  purer  protJuct  may  be  obtained  by  [massing  hydrocyanic  iicid  gas 
into  an  alcN>holie  solution  of  potassa,  when  the  newly  forme<l  cyaoide 
will  separate  as  a  bulky  crystalline  precipitate^  which  may  Iw  waahed 
on  a  filter  with  alcohoK 

In  the  official  volumetric  determination  of  potassium  cyanide^  ad- 
vantage is  taken  of  the  formation  of  a  soluble  double  evntiide  of 
silver  and  potaasium  to  indicate  when  one-half  of  the  cyanoeen  pres- 
ent in  a  sample  of  potassium  cyanide  has  combined  with  silver; 
hence,  when  a  jK'rraanent  pi-ecipitate  of  silver  cyanide  first  apftears^ 
double  the  value  ia  aaaigiied  to  the  silver  solution  used  which  it 
would  posaesa  if  all  the  potafistiim  cyanide  were  decomposed  aad  pil- 


ing reaction  occurs  upon  the  addition  of  more  silver  solnt" 
permanent    |>recMoitatc  apjx'ars:    AgK(Cy)j  4  AgNOj,^ 
KNO3.      The   Pliarmac4)jKeia  demands  that  the  official  salt  shall 
contain  90  per  c?ent.  of  pure  KCy. 

POTAftSIlTM    AXD    SoDTUM    TARTRATE,       KNaC^H^Oi   -f-   4  ILt ). 

This  salt  is  cMimmerciiilly  known  as  Rot*helle  Salt  from  the  fiic't  that 
H  was  first  obtaiuHJ  nt  KtK'helle,  France,  by  an  apothec^r^'  nniued 
Seigwette,  over  two  hundn^l  y«^irs  agi>.  It  is  prepared  by  iieutralijE- 
ing  the  frt*e  acid  in  cream  of  tartar  with  sodium  earlxmnte,  wben^by 
a  normal  double  tartrate  is  produced;  the  stilut  ion,  which  mtist  lie 
neutral,  is  boilc^d  for  a  short  time*  filtered, concentrated,  and  set  aaide  j 
to  rrvrttaltize,  tlt»' cry**talH  b* "  1  pulverizetl,     A<        "'     ^  to  ' 

the    following     e<j nation,     ^  f    (Na^CX),    -   1 

^KNaC'JIA  ^^V^)  ^  tX>5  -j-  8HjO,  8  prts  of  of!;  I  J    f^n   ol ! 
tartar  will  require  about  6  jjarta  of  crystallized  mire  smliuiu  Lai'l/*4uitr» 
yielding  about  12  parts  of  rryatalli^ed  Uochelle  salt* 

Putaaeiam  and  sodium  tartrate  is  i  *d  in  the  Britiah  Miaiv 
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macotxeia  by  the  name  of  soda  tartarata^  and  id  the  G<?rman  Pliar- 
Diaeopit^ia  aa  ta Haras  rtatronadis;  it  is  also  known  as  sal  Seig^nettL 

Abflolute  purity  is  demanded  for  this  salt  by  the  Pharmacopoeia^ 
which  is  determined  by  conversion  into  carbonate  and  titration  with 
normal  acid.  Each  molecule  of  potassium  and  sodium  tartrate  yields 
.  one  raolecule  of  the  double  carbonate,  upon  thorough  ignition,  as 
Uhowu  by  the  equation,  KNaC\H,0a4H,0  ^  Oj  —  KKaCO,  — 
3COj  ^  6H3O;  hence  1  Cc.  f  H^SO,  represents  0J41  Gm.  of  the 
crystallized  salt. 

Potassium  Ferrocyaxide.  K^Fe{CN)^^  -r  3HjO.  Yellow  pnis> 
siate  of  potash  possesses  no  medicinal  properties,  but  is  the  source  of 
hafficial  hydrocyanic  acid  and  other  cyanides ;  when  pure  the  salt  is 
not  poisonous*  It  is  made  by  heating,  iu  iron  vessels,  witli  cimstant 
stirring,  a  mixture  of  potassium  carbonate,  metallic  iron,  and  scraps 
of  horn,  leather,  or  other  nitrogen-bearing  substances.  The  fused 
mass,  known  as  "  melt/*  is,  after  cooling,  leachetl  with  water,  nud 
the  solution  decanted  and  ervstallizcd  ;  the  insoluble  residue  consists 
of  iron,  charcoal,  ferrous  sulphide,  mlcium  phosphate,  and  silica. 

When  chlorine  is  passed  into  a  solution  of  potassium  ferrocyauide, 
the  ferricyanide,  or  red  prussiate  of  potash,  a  valuable  chemical  re- 
agent, is  produced,  as  shown  bv  the  following  equation,  2K4Fe(CN)j-i- 
Cl,  =  K.Fe/CNX,  or  2K3Fe(CN).  +  2KCh 

PiiTARsiUM  IlYPOPiiii^rjitTE.  K H^,P(\  Although  this  salt  can 
lj€  made  by  boiling  phosphorus  with  solution  of  potassa,  it  is  pre- 
ferably obtained  by  adding  potassium  carbonate  to  a  solution  of  cal- 
cium hypophosphitc,  when  calcium  carlx»nate  will  lie  precipitated  and 
p>tassium  hy|x>pho8phite  remain  in  solution,  which  can  \ye  recovered 
by  filtering  the  mixture  and  carefully  evajx^rating  the  filtrate  on  a 
water-bath,  with  coustiint  stirring,  until  a  granular  salt  results.  The 
following  efiuation  shows  the  decomposition  :  Ca(HiPOa)t  +  K,CO, 
=  i2KH,PO,  ^  CaCO,. 

Potassium  hypophosphite  is  very  deliquescent,  and  must  be  pre- 
served in  tightly  stoppered  bottles  ;  as  it  readily  explodes  when  inti- 
mately mixed  with  oxidizing  agents,  trituration  with  such  substances 
must  be  avoided. 

The  official  salt  is  recpiired  to  contain  at  least  98.7  per  cent,  of 

pure  KHjPO,,  wliich   is  ascertaineil  by  titration  with  decinormal 

rpotaasium  [lermanganate  solution   in  excess,  and   retitration  of  the 

iceBB  with  oxalic  acid,  as  already  explained  under  diluted  hypo- 
phosphorous  acid*  The  efpiation,  5KH.jI*0,  -r  6H^SO^  -r  4KMnO^ 
=  5KHJ^(), -f  2K^S<>,  ^  4Mn^^),  ^  6H,0,  shows  that  each  Co, 
of^  KMnO^  solution  rfpresents  0.0025977  Gm.  KH,PO^;  hence 
if  38  ( V*  (40-2)  are  required  for  OJ  (tm.  of  the  salt,  it  must  con- 
tjiin  98.7  |»er  cent,  of  the  pure  hvpophosphite,  for  38  X  U.O025»77 
=  0,0987126.  which  is  98J  per  e^nt,  of  aL 
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PoTAfiBiUii  JoDiDE»  KI.  When  iodine  is  added  to  a  solution 
of  potassa  the  two  substances  eotnbine,  tbrmiug  potassium  iodide 
and  iodate;  thus,  6K0H  -^  I«  =  5KI  +  KIO,  +  5HjO,  The  pro- 
cess  of  manufaeturing  this  salt  is  analogous  to  that  given  for  potas- 
sium  bromide,  the  iodate  Ijeing  reduced  to  iodide  by  heating  with 
charcoal 

Much  of  the  cominerrial  potassium  i*xlide  does  not  respood  to  the 
requirements  of  the  Pharraacop*i?ia,  as  it  ocxjurs  in  white  o|jaque 
crystals,  wliieh,  having  Ix^eu  ol)tained  from  an  alkaline  sohitioii,  are 
less  pure;  the  official  re^juii-eracuts  deniaud  practically  total  ab- 
sence of  alkalij  and  sucJi  a  sjilt  crystallizes  in  colorless  ti  :  ni 
cubes,  but  can  also  lie  obtaiuL^  in  the  form  of  a  whit<  Lir 
powder.  The  pharmacopofial  tesl  for  the  presence  of  {fiftit^stum 
cyanide  (due  to  cyanogen  derived  from  tlie  iodine)  involves  I  he  for* 
mation  of  potassium  ferrocyanide,  which,  reactijig  with  ferrous*  sul- 
phate, rapidly  produces  a  blue  color,  owing  to  the  oxidizing  effect  of 
the  air.  Siuce  each  Cc.  of  A  AgNOj  solution  represents  0,016556 
Gm.  KI,  0»5  Gm.  of  an  absolutely  pure  salt  will  require  30.25  Ocu 
for  complete  precipitation;  if  moi^  than  this  qiuiutity  be  refiiiired,  rl 
would  indicate  the  prt^sence  of  bromide  or  chloride.  The  Pharma- 
copceia  requires  at  least  99.5  |>er  cent,  of  pure  iodide,  and  heuoe 
states  that  0.5  Gm,  shall  require  not  less  tlian  30  nor  more  thaii 
80.25  Cc.  of  decinormal  silver-nttrate  solution. 

Potassium  Nitrate.  KNO^.  The  sources  of  this  salt  wcrt*  at 
one  time  chiefly  the  natural  dejK>sits  in  India  and  extensive  planta* 
tions  in  Europe  and  elsewhere  for  the  artificial  pro*luction  of  |>otaji- 
Slum  nitrate  by  putrefaction  of  animal  and  vegetable  matter  in  the 
presence  of  wood  ashes  and  calcareous  earth.  It  is  now  hirg«*ly 
obtaiiiKl  by  mutual  decomposition  of  pota«i*ium  chloride  and  native 
siKliuru  nitrate,  advantage  being  taken  of  the  lesser  solubility  of  the 
newly  formed  sodium  chloride  to  rid  the  solution  of  this  impurity 
upon  com^utration  by  boiling.  The  potassium  nitrate  sub^uetiilv 
crystallizes  out,  and  is  further  purified  by  re-solution  and  recrystaf- 
ligation. 

Potassium  nitrate  is  to  be  had  both  in  the  form  of  large  cry^talu 
and  as  a  fine  granular  powder;  the  latter  is  preferred  tor  pharuia* 
oeutit^l  purposes,  and  is  largely  obtained  from  the  manufacturvf^^  uf 
gunj>owaer,  who  rw^juire  a  pure  article  for  their  purposes. 

The  name  saltpetre,  or  nitre,  is  used  almost  exclusively  in  com- 
merce, for  this  salt,  and  when  fused  and  cast  into  round  moulds  h 
is  sold  under  the  name  ml  pruneile, 

P0TA8Slt'5i  PiCKMANGANATE.  KMnO^*  In  the  manufacture  of 
thii  compound  tlie  first  step  necessary  is  the  prtKluction  i>f  ]ioiaa- 
8tum  manganatc,  by  heating  to  scnni-fusion  nt  a  dull,  red  heat,  an 
intimate  mixture  nf  manganese  dioxide,  caustic  pota^na,  ni  *  — 
sium  chlorate,  when  the  following  reaction  oocun*:  3MnO  II 
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+KC10,=8K^MnO,  +  KCl4-3HA  The  green,  fused  mass  is  then 
twice  treated  with  boiliag  water,  whereby  the  potassium  manganate 
is  converted  into  permanganate  —  SK^MnO^ -f  211,0  =  2KMn04 
+  MnO,  +  4KOH  —  manganese  dioxide  being  again  precipitated 
and  potatjsium  hydroxide  remaining  in  solution  with  the  permau- 
ganate.  The  presfience  of  pota^sa  in  the  linuid  prevents  a  full  yield 
of  permanganate  by  hotdiug  a  portion  of  tiie  manganate  in  sohition 
without  change;  a  stream  of  carbon  dioxide  is  therefoi*e  passed  into 
the  liquid  to  neutmlize  the  potassa  and  thus  alJow  all  the  manganat^ 
to  be  converted  into  perman^uate  and  dioxide ;  in  place  of  carbon 
dioxide*  diluted  .nulphurie  acid  is  sometimaw  used  for  the  same  pur- 
pose. Finally,  after  decantation  and  filtration  through  aabestos,  the 
solution  is  concentrated  and  set  aside  to  crystalline.  Xs>  potassium 
permanganate  is  readily  decomposed  by  organic  matter,  all  dust  and 
dirt  must  be  excluded  during  the  last  steps  of  the  process. 

The  official  method  of  valuation  of  potassium  permanganate,  by 
means  of  oxalic  acid,  depends  upon  the  ready  deoxidation  of  the 
salt  by  all  reducing  suljstances,  two  and  one-half  atoms  of  oxygen 
being  liberated  from  each  molecule  of  the  permanganate.  In  the 
official  test  the  oxalic  acid  is  completely  converted  by  oxidation  into 
carbon  dioxide  and  water,  as  shown  bv  the  following  equation  : 
5(HAO,+  2H,O)+2KMnO,+3H,SO,=10CO,-hK;5O,+2MuSO, 
+  I8H3O,  628.5  parts  of  crystallized  oxalic  acid  requiring  315.34 
parts  of  pure  pcrman^uate.  The  Pharmacopoeia  demands  potas- 
sium permanganate  to  be  of  98.7  per  oent»  purity,  0.1  Gm,  of  which 
will  oxidijie  0.196717  Gui.  of  oxalic  acid;  or,  in  other  wonis, 
0.196717  (ira,  of  crystallized  acid  will  be  required  to  disoliarge  the 
red  color  of  a  solution  ctmtaining  0,0987  Gm.  KMnO^,  Such  a  quan- 
tity of  crystallized  oxalic  acid  is  contained  in  ^11.3  Cc.  of  a  deci- 
normal  solution,  for  0,196717-^0.006285—31.3. 

Since  potassium  permanganate  is  very  easily  decomposedi  it  should 
never  Im?  triturated  or  dispensed  with  readily  oxidizable  or  organic 
euljstanccs.  Stains  produced  by  the  salt  in  mortars  or  on  the  hands 
are  liest  removed  with  oxalic  acid  solution,  either  alone  or  with  a 
little  snlphuric  acid. 

Potassium  Sulphate  K^SO^.  This  salt,  which,  although 
rarely  used  in  medicine  or  pharmacy,  has  been  retained  in  the  PImr- 
maco|KBia,  is  obtained  partly  as  a  bi-prochict  in  many  chemical  oijera- 
tioii!^  and  partly  from  the  mineral  kainite,  a  natural  potassium  and 
raa^jne^ium  sulphate* 

For  a  long  time  potassiutu  sulphate.  011  aoci^unt  of  the  hardness  of 
its  carstals,  was  prefcrreil  as  a  diluent  in  tlie  pi*eparation  of  Duver's 
powaer,  and  is  still  to-day  use<l  by  some  for  this  purpose. 

SoLtrxiON  OF  Potarsa.  The  oflRcial  Liquor  Potassa^  can  Ijc  made 
either  by  deeomp<i9ition  of  a  solution  of  pure  |)ijta.%!^ium  carbonate 
with  milk  of  lime  or  by  simple  solution  of  56  Gm.  of  potassa  in 
944  Gm.  of  distilled  water.     Both  methods  are  recognised  in  the 
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PharmacopoBia^  the  latter  being  generally  preferretl  by  pharn 
as  a  matter  of  conveuieDce^  while  the  former  is  followed  by  nmiiii*! 
facturing  chemists,  for  economical  reasons*     If  simple  solutian 
the  potassa  be  employed,  it  is  important  that  the  percentage  of  KOH^j 
present  be  known,  in  order  to  insure  a  5  percent  solution  ;  the  above 
propcirtions  are  oilculated  for  90  pi^r  cent,  potassa  and  the  proper 

auautity  of  a  higher  or  lower  grade  can  bo  readily  found  by  the 
irt'ctioDS  given  in  the  Pharmacopoeia.  Thus,  if  the  potassa  COD- 
tains  only  82  per  cent,  KOH,  it  will  require  61  (5000^82)  Gm,  of 
potassa  and  939  Gm,  of  distilled  water,  for  61  Gm.  at  82  per  cent, 
are  equal  to  56  Gm.  at  90  jier  cent.,  50  Gra,  being  the  result  in  both 
cases  and  yielding  1000  Gm.  of  a  5  per  cent,  solution*  | 

The  object^  in  the  first  pnx-ess,  of  neatfng  the  bicarbonate  in  solu- 
tion until  efterveseenee  ceases*  is  to  convert  it  into  monocarboruite, 
and  thus  obtain  a  purer  article  than  if  commercial  [x^tassiura  car- 
Ixmate  wei'e  used.  By  mixing  the  two  liquids  hot  and  boiltitg  Uie 
mixture  for  ten  minutes  a  more  compact  precipitate  of  calcium  car- 
bonate is  produced,  which  settles  rapidly  and  from  which  the  solatioo 
of  potassa  can  Ije  moi^  readily  separated. 

The  process  involves  two  simple  reactions:  1.  2KHC0j=K,00- 
+CQ,+HP;  2.  K,0O,+  Ca(OH),--2KOH+CaCO,.  Lime  is 
used  in  excess  of  the  theoretical  requirement  on  account  of  its  sligbl 
solubility,  and  experience  has  also  taught  that  considerable  dilution 
of  the  two  liquids  is  necessary,  as  the  reaction  cannot  be  completed 
in  concentrated  solutions. 

In  order  to  preserve  the  Quality  of  solution  of  potaasa  it  is  eeaen* 
tial  that  it  !x»  kept  in  securely  stopfK-re*!  bottles,  to  avoid  absorptiott 
of  carbon  dioxide;  the  bottles  should  be  made  of  green  gla^s^  aa  flint 
ware  is  easily  acted  upon,  and  the  stopprs  should  be  tninly  coaletl 
with  paraffin  or  petrolatum,  to  prevent  their  becoming  "fixed.** 
Solution  of  jwtassa  should  never  l>e  filtered  tlirough  paper«  wbieb 
is  rapidly  attacked  by  the  alkali ;  large  volumes  are  best  decantad 
or  siphoned  from  any  sediment,  while  small  quantities  may  be  eon* 
vcniently  filteretl  through  glass-wool  or  asl>e8tos. 

The  official  solution  of  pfjtassa  has  a  specific  gravity  of  alx>ut  1«086 
at  15**  C.  (59°  F.),  and  should  contain  about  5  per  cent,  of  potaa- 
sium  hydroxide,  which  is  equal  to  alx»ut  27  grains  in  each  fluidouocse  ; 
its  strengtli  is  determineii  volumetricallv  with  normal  acid,  each  Oc* 
of  which  corresponds  to  0.05599  Gm*  KOH, 

Solution  of  PoTAasiUM  Arsexite.  This  preimration  can  ba 
more  coDveniently  studied  in  connection  with  the  preparations  of 
aiaenic* 


Solution  of  Potassium  C'itrate*  The  Pharmacopoeia  vtrf 
properly  directs  the  extemfxtraneous  prejmratiou  of  this  soltitiou,  as 
it  does  not  keep  well  and  soon  loses  its  refreshing  taste-  The  pro* 
[lortions  of  citric  acid,  G  Gm.,  and  potaasiimi  bicarbonate,  8  Gm.,  in 
the  official  formula  show  a  slight  excess  of  citric  acid  over  the  qtiai]« 
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tity  necessary  to  form  a  neutral  salt,  which  improves  the  flavor  of 
the  finished  product.  The  solution  contains  8*16  Gm.  of  potaseinm 
citrate  and  0.4  Gm*  of  citric  acid  in  100  Cc,  besides  some  carbonic 
acidp  which  corresponds  to  about  38  grains  of  the  salt  in  each  fluid- 
ounce. 

Although  the  Pharroaeoixeia  has  given  the  synonym,  misiura 
pota8«n  cUraiis,  to  this  solution,  it  differs  from  the  preparation  for- 
merly recognized  by  that  name  and  more  familiarly  known  as  neutral 
mixture.  The  former  preparation  was  made  by  neutralizing  fresh 
lemon-juice^  strained  through  cotton,  with  potassium  bicarbonate,  and 
poesesaed,  therefore,  a  more  agreeable  flavor,  although  of  uncertain 
strength.  Some  physicians  still  prefer  the  old  neutral  mixture  to 
the  present  official  solution  in  many  case^. 

Besides  the  potassium  salts  officially  recognized,  the  following  are 
occasionally  u^  in  medicine  and  pharmacy. 

Potassium  Benzoate.  KCJI^Oj+SHjO.  This  salt  eau  be 
most  conveniently  obtained  by  adding  benzoic  acid  to  a  solutiou  of 
potassium  bicarbonate  and  evaporating  the  resulting  solutiou  ;  100 
parts  of  benzoic  acid  rHiuire  82  parts  of  potassium  Incarbonate  for 
complete  neutralization,  yielding  175.5  parts  of  a  salt  having  the 
above  composition. 

PiyrASSiC5i  Chloride.  KCl  This  may  be  obtained  as  a  by- 
product in  the  manufacture  of  other  salts,  but  is  chiefly  derived  from 
the  mineral  caruallite,  a  double  potassium  and  magnesium  chloride^ 
extensively  mined  in  Germany. 

Potassium  Salicylate.  aKC.HiOj+HjO.  This  can  be  readily 
prepared  in  the  manner  outlined  for  pc»tajisium  benzoate,  simply  using 
salicylic  acid  in  place  of  benzoic  acid,  100  parts  of  the  former  re- 
quiring 72.5  parts  of  potassium  bicarbonate  and  yielding  127,5  parts 
of  the  newly  formed  salt. 

Potassium  Sulphite.  K,SOj+2HjO,  When  sulphur  dioxide 
f  ia  paflted  into  a  solution  uf  tx>taa6iun[i  earlmnate  until  the  mrbon  di* 
i  oxida  has  all  been  expellee]  and  another  portion  of  notassium  car- 
boimto  equal  in  wei^^ht  to  tliat  first  used  is  then  added,  potassium 
sulphite  will  crystallize  on  concentration  of  the  solution.  If,  in  place 
of  more  {>otassium  f^rbonate,  strong  alcohol  be  added  to  the  solution 
carrying  sulphur  dioxide  in  exoeas,  potassium  bisulphite^  KHSO^^ 
will  cr>n£talli2t*  out. 

PoTAsanjM  Tartrate*  K,CJI^0<,+H,0.  Normal  potaesium 
tartrate  ia  madt*  from  the  Intartnitc  l>y  neutnVlizing  the  excess  of  actd 
piTwnt  with  |Hjt]i8>tium  ctirWrnate.  The  stilt  \vm  droppt^l  at  the  last 
revi?<i<»n  of  tijo  U.  8.  Phanimit^jKjeia,  but  is  »till  ixHH>guizA*d  in  tJii 
Britiih  ami  Gerumn  Pharmac»o|Keiap. 
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THE  COMPOUNDS  OF  SODIUM. 


The  oi&cial  salts  of  sodium  resemble  those  of  i)otassium  in  maDj 
respects  and  are  frequently  prepared  by  analogous  processes.  Twenty- 
one  salts,  besides  four  liquid  and  three  solid  preparations,  are  recog- 
nized in  the  Pharmacopoeia,  as  follows : 


Official  English  Name. 
Soda, 

Sodiam  Acetate, 
Sodium  Arsenate, 
Sodium  Benzoate, 
Sodium  Bicarbonate, 
Sodium  Bisulphite, 
Sodium  Bora|e, 
Sodium  Bromide, 
Sodium  Carbonate, 
Dried  Sodium  Carbonate, 
Sodium  Chlorate, 
Sodium  Chloride, 
Sodium  Hypophosphite, 
Sodium  Hyposulphite  (Thiosulphate), 
Sodium  Iodide, 
Sodium  Nitrate, 
Sodium  Nitrite, 
Sodium  Phosphate, 
Sodium  Pyrophosphate. 
Sodium  Salicylate, 
Sodium  Sulphate, 
Sodium  Sulphite, 
Sodium  Sulphocarbolate, 
Solution  of  Soda, 
Solution  of  Chlorinated  Soda, 
Solution  of  Sodium  Arsenate, 
Solution  of  Sodium  Sili(*ate, 
Troche«  of  Sodium  Bicarbonate, 


Official  Latin  Name. 
Soda. 

Sodii  Acetas. 
Sodii  Arsenas. 
Sodii  Benzoas. 
Sodii  Bicarbonas. 
Sodii  Bisulphis. 
Sodii  Boras. 
Sodii  Bromidum. 
Sodii  Carbonas. 
Sodii  Carbonas  Exsiooatus. 
Sodii  Chloras 
Sodii  Chloridum. 
Sodii  Ilypophosphis. 
Sodii  Hyposulphis. 
Sodii  lodidum. 
SiMlii  Nitras. 
Sodii  Nitris. 
Sodii  Phospha.**. 
Sodii  Pyrophosphas. 
Sodii  Salicylas. 
S^nlii  Sulphas. 
Sodii  Sulphis 
Sodii  Sulphocarbolas. 
Li<tuor  Sodfe. 
Li(luor  Sodie  Chloratse. 
Li(luor  Sodii  Arsenatis. 
Liquor  S<HUi  Silicatis. 
Trochi'ici  Sodii  Bicarbonatis. 


S<)i)A.  XaOIl.  The  usual  method  of  manufacture  of  sodium 
hydroxide,  or  (tiustic  soda,  is  by  decomposition  of  a  solution  of  sodium 
carbonate  by  moans  of  milk  of  lime,  the  filtrate,  as  in  the  case  ot 
potassa,  being  evaporated  in  silver  or  iron  vessels,  and  finally  allowed 
to  congeiil  in  suitable  moulds.  The  product  thus  obtained  is  known 
as  so^la  by  lime.  A  purer  article  may  bo  obtained  either  by  direct 
action  of  metallic  sodium  on  water  or  l)y  j)urification  of  commercial 
soda  with  alcohol. 

Ijike  (»iuistic  potash,  caustic  soda  is  very  deliquescent,  and  rapidly 
absorbs  (tirbon  dioxide  upon  exposure  to  the  air;  hence  the  same  care 
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must  l)c  observed  in  its  preservation  in  tightly  fitopj>ered  gre(»n-glass 
lx>ttles. 

The  Pharmacopoeia  makes  similar  requirements  for  soda  as  for 
potassa,  in  regard  to  the  allowable  limit  of  impurities,  and  also 
demands  that  official  ^scxla  shall  contain  not  less  than  90  per  cent,  of 
^■baolute  NaOn,  which  is  vol u metrically  determined  with  nonuul 
idd*  each  Co.  of  which  is  capable  of  nentralizing  0.03996  *im. 
XaOH. 

Sodium  Acetate.  NaCjHjOj-rSH^O.  This  salt  may  be  prepared 
by  nentralizing  atvtic  acid  with  SLKiiurn  carbonate  or  bicarbonate, 
concentrating  the  resulting  solution  and  crystallizing;  in  a  crude 
form  it  is  extensively  obtained  in  the  manufacture  of  acetic  acid,  and 
may  be  purified  by  nesting  and  other  processes*  Sodium  acetate 
differs  from  potassium  acetate  in  containing  nearly  40  per  cent,  of 
water  of  cj-ystallization,  and  in  its  stability  upon  exposure  to  air^ 
hence  less  care  is  necessary  in  its  preservation  ;  it  is  about  one-third 
as  soluble  in  water  and  far  less  soluble  in  alcohol  than  the  potas- 
sium salt 

The  valuation  of  the  so-called  organic  sodium  salts  is  performed, 
as  in  the  ca^se  of  the  corresponding  potassium  salts,  byconversion  into 
carlx)nate  and  subse^juent  titration  with  acid.  The  following  equa* 
tion,  2(NaC3H,0,  r  3H5O)  -f  O,  =  Na^C^Jj  t  3CO,  -^  9HA  shows 
that  two  molet'ules,  or  271.48  jiurts,  of  crystallized  si.Mjiuin  acvtate 
yield,  u|K>n  complete  ignitiiuj,  one  molecule,  or  10.1.85  jwirts,  of  an- 
hydrous sodium  carbonate;  hence,  each  CV.  of  J-  HjSO^,  neutralixtug 
0.052925  Gm.  NajCOj,  corresponds  to  0,13574  Gm.  NaC\HA  + 
3H,0.  The  Pharmactipteia  demands  that  the  official  sodium  acetate 
shall  l>e  100  j>er  cent  pure,  and  1.36  Gm.  of  the  salt  must,  therefore, 
after  complete  ignition,  rc*|uire  10  Cc.  of  normal  acid  to  ueutraliae 
the  alkaline  residue,  as  stated  in  the  ofiBcial  test. 

Sodium  Arsenate.  Na^UAsO^  +  7H,0,  The  official  sjilt,  as 
shown  by  the  chemical  formula,  is  disixlium  orthoai-senatc,  and 
bears  a  close  analogy  to  the  official  sodium  phasphatc;  the  exact  cc»m- 
poeition  must  dc|x?nd  upon  the  pmportious  of  the  ingre<lieots  used 
m  its  maniifacture*  Sodium  arsenate  is  usually  obtained  by  fusing 
toother,  at  a  re<l  heal,  arsonous  oxide,  dried  sodium  carbonate,  and 
aoaium  nitnite ;  effi'rvese«*nce  ensues,  and,  when  complete  quiet  fusion 
has  Met  in,  the  n'sidue  will  <*ousist  of  sfxlium  pyniarseuate,  as  shown 
by  the  following  t.Hjuntic»u  :  AsjO^  +  2NaX03  -f  Nn,CO,  =  Na^As^O, 
4*  N,( >3 -h  ( '( ),.  The  fused  mass,  having  l>eeu  pourttl  ou  a  stone 
slab  and  allowed  to  solidify,  is  disiujiveil,  while  still  warm,  in  water, 
whereby  the  Rodinm  tiyroar-'ienate  is  converted  into  orthoarstmate  by 
the  appropriation  of  water,  thus,  Na^AsjOy  -  H,0  =  2XajHAsO,. 
The  s*ilutM»n  i>*  set  inld**  to  crvHtalliaic*,  when  a  salt  contain intr  40.4 
per  cent*  of  wai'  .ove  formula,  will  l>e 
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Arsenoiis  oxide  10  parts,  sudiiim  oitrate  8J  parts,  and  dried  sndinm 
carbonate  SA  parts ;  if  an  excess  of  sodium  carbonate  be  osed^  tri- 
sodinm  ai-senate,  NajvVsO^^  will  be  formed,  wliile  an  ezoeaB  of  araenie 
acid  yields  monostKlhim  arsenate,  NaHjAsO^, 

The  official  ?^lt,  np^)n  exposure  to  dry  air,  gradually  loses  a  por- 
tion of  its  water  of  crystallization  until  a  salt  of  the  com  penal  tiQU 
Na,HAsC\  4-  2H2O  remains,  containing  only  16.2  per  cent,  of  water, 
hence,  it  should  be  preserved  m  tightly  stoppered  bottles. 

Sodium  Bejtzoate,  NaC^HjOj.  This  salt  may  be  conveniently 
prepared  by  susj>ending  benzoic  acid  in  hot  water  and  slowly  adding 
sufficient  sodium  bicarbonate  to  form  a  neutral  solution,  which  is 
then  filtere<l  and  eva|>orated,  with  fret^oent  stirring,  on  a  water^balh, 
to  dryness.  ITO  parts  of  benzoic  acid  require  about  70  parts  of 
official  sodium  bicarbonate  and  yield  alxtut  118  parts  of  sodinm 
l>enzoate.  The  salt  can  also  be  (obtained  in  crystalline  fomi,  having 
the  composition  NaC-HjOj  +  II,0 ;  but,  as  it  effloresces  readily%  the* 
Pharmacup<uia  has  rciM>^nized  only  the  anliydrous  salt. 

The  valuation  of  8<j<lium  l>enwmte  is  made,  like  that  of  the  acetate^ 
by  ignition  and  titration  of  the  resulting  sodium  carbonate  with  nor- 
mal acid.  The  equation,  2XaC-HA+ 03,,==  Na.CC),+ 5U,0  ^ 
l8CO,^  nhows  that  287.42  jmrta  of  sotlium  Wnzoate  will  yield  106.85 
parts  of  anhydrous  stxilum  carbonate,  therefore  c^ch  Ce,  ^  H^SO, 
represents  0*14371  Gm,  NaCJlaO .  Using  2  Gm.  of  the  salt,  as 
dirwted  in  the  official  test,  18.0  Cc.  \  HjSO^  will  be  recjuired  to 
neutralize  the  alkaline  residue  if  99.8  per  cent.  NaC,H,0^  be  prcaent, 
for  99.8  \ieY  cent,  of  2  is  1.996  and  0,1437  X  13.9=^  L997. 

SonriTM  Bicarbonate.  NaHCO,.  This  welUknown  componod 
is  manufactnreil  on  a  large  scale  by  different  processes.  If  s^Kliitm 
carbonate  in  crystalline  form  be  treated  with  trarbon  dioxide,  nnhy* 
drous  sodium  bicarbonate,  or  acid  carbonate,  will  be  formed  and  %raler 
eliminated ;  thus,  (Na^CO,  ^  lOHp)  -f  CO,  ==  2NaHCO,  f^  9H,0; 
by  using  a  mixture  of  anhydrous  and  crystallized  sodium  carbcinafey 
a  part  of  the  eliminated  water  will  be  rerjuir*^  for  converting  ibe 
former  into  biciirl>onate,  the  balance  being  allowed  to  encape  by 
drainage.  So^iiinu  biearlKiuate  is  also  obtained  aa  an  intermediate 
product  in  the  manufacture  of  the  normal  carbonate  by  the  $aK*ay 
ammonia-soda  process,  wherein  concentrated  solution  of  sodinm 
chloride  is  mixed  with  ammonia  and  then  saturatc<l  with  carboci 
dioxide  under  pressure.  Sotlium  bicarbonate  is  precipitiUed  and  am* 
monium  chloride  remain?  in  solution.  In  either  case  the  newly 
tbrmcd  sodium  bicarbonate  is  washeil  with  small  quantities  of  water 
for  the  purijose  of  removing  the  more  soluble  impurities. 

The  proauct  of  the  Solvay  process  re*|uircs  more  can*ful  {^rifica- 
tion,  owing  to  contamination  with  ammonium  salts,  esim'ially  am* 
monium  carl>onate,  hence  scxliuni  bi<firlK>natc,  prepare*!  Jrom  tKNUial 
carboDate,  is  preferred  for  metlicimil  purjx>se9. 
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-^  Com  mere  ia]  socliiim  bicarbonate  is  frequently  c*i3ntamiiiate(l  with 
^bonate  and  chloride,  but  if  a  pure  kuI  is  wanti'd,  this  may  be 
readily  obtained  by  i^eix-ohiting  the  conimerdal  article  with  cold  dis- 
tilled water  and  drying  the  purifietl  residue  with  m<3«lerate  heat  only. 
The  Pharmacojxeia  doe^  not  rec^uire  aljsolut^  purity  for  sodium 
bictirlx>Date,  tracer  of  carbonate,  chloride,  sulphate,  and  sulphite 
Ijeing  j>ermitted.  The  official  salt  must,  however,  cxmtain  at  least 
Jl8Ji  j»er  ceut  NaHWl^,  aa  indicated  by  the  demand  that  0,85  Gm, 
of  the  salt  shall  require  not  less  than  10  Cc.  ^  HjSO^  for  complete 
neatralization,  each  Cc.  repre^nting  0,08385  Gra,  NaHCOj. 

S«>DiUM  Bisulphite.  NaHSO,.  This  salt,  known  also  as  acid 
flodttmi  3ulphite,  h  rarely  usai  in  mt^dicine.  It  is  prepared  by  passing 
sulphur  dioxide  into  a  solution  of  »odium  cart>onate  to  satumtion 
and  until  all  carbon  dioxide  has  bt^n  expelled,  the  reaction  being  as 
follows:  Na,CC),^Hp  r2SO,==2NaHS05-rCO,.  The  solution  is 
then  concentrated  and  allowed  to  crystallize. 

Sodium  bigulphite  if^  not  a  very  stable  compound,  and  upon  ex* 
poeui^  to  air  i»  gradually  oxidized  and  converted  into  sulphate, 
sulphur  dioxide  being  given  otf  at  the  same  time.  Truces  of  sulphate 
ana  chloride  are  permitted  in  the  otSeial  salt.  The  turbidity  caused 
in  a  solution  of  the  salt  by  addition  of  hydrochloric  acid,  indicating 
Ihe  presence  of  thiosulphate  (hyjK>sulphite),  is  due  to  finely  prec^pi- 
tattni  sulphur. 

The  PharmacoiKeia  demands  at  least  IX)  per  cent,  of  af>s4»late 
NaHSOjin  theoflieial  comjiound,  which  is  determined  volumetrically 
by  means  of  iodine,  the  latter  acting  a^  an  oxidizing  agent,  cMinverting 
the  acid  sulphite  into  an  acid  sulphate ;  thus,  NaHSOs-f  l3  4-H50= 
NallSO^-f  2HI,  Since  103.86  jiarts  of  the  acid  sulphite  require 
253.06  parts  of  iodine  for  complete  oxidation,  eneh  C<\  ^jj  I  8olutioD 
ooniaininj^  0.012663  Gm.  of  ifxliue  i«  capable  of  oxidizing  0.0051 9S 
Gm,  NaHS^Jjand  45  Cc.  will  l*e  required  to  indicate  90  percent 
if  0.26  Gm.  of  the  salt  l>e  use*!  for  the  assay,  as  directeil,  for  90  per 
cent,  of  0,26  is  0.234  and  0.0051 93  X  45=0. 2336  +,  No  jiennanent 
blue  lint,  due  to  formatitm  of  iiKlizf^]  starch,  will  txjcur  until  all 
»ulphuroU8  acid  has  liet^n  oxidi/.e«l. 

SoniUH  BoRATF..  Na,B^Oy4-10H|O.  The  more  Itimiliar  name 
borax  is  usnallv  appUixi  to  this  compound,  which^  although  some- 
times called  sixfium  biborate,  is,  a»  shown  by  the  chemical  formula, 
sodium  tetraborate  or  pyrolH>rate.  It  is  found  extensively  in  different 
fiart^  of  tin*  world,  particularly  in  California,  where  immense  quau- 
titles  are  obtained  from  the  blue  mud  of  certain  lakos.  Solution  and 
recrystallization  arc  refwrted  to  for  the  puriM>seof  purification*  Con* 
siderable  quantitieii  of  borax  are  also  ootamed  from  crude  boric  acid, 
by  treating  it  with  sodium  carbonate,  and  from  various  minerala 
noDtainine  borates  of  sodium,  calcium,  and  magnesium. 

Barax  is  of  apecial  interest  in  pharmac}'  on  aocount  of  its  peculiar 
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behavior  with  oilier  aiihstaiit^fs.  It  is  iiiL^juipatible  with  \ 
iuiicia^  i^ausiiif^  geiathiizatian,  which  can,  however,  Iw?  pi  * 
the  preseaee  of  sugar ;  it  pret-ipitatea  many  alkaloids  from  their 
solution,  such  as  cocaine,  morphine,  atropine,  quinine,  etc.,  except 
ID  tile  presence  of  glycerin  ;  it  forms  a  damp,  almost  moist,  Diixtiir^ 
\vl»en  triturated  with  alum  ;  in  the  presence  of  glycerin  it  decompoce^ 
alkali  bicarbonate*  with  etVervcsLvnce  ;  an<l,  lastly,  while  an  a<jUeuus 
solution  of  borax  shows  an  alkaline  reactiou  toward  litmu8,  a  soltilioi] 
in  glyt-erin  has  a  decMded  aei<l  reaction,  which  is  changed  to  alkaJioe 
u|>on  large  dihitiou  with  water,  This  last  liehavior  is  al^  observed 
with  other  bcxlics  resernbliug  glycerin,  such  as  mannitol,  glucaee,  etc» 

StmirM  Bromide.  NaBr.  This  salt  is  prepared  in  a  nianapr 
similar  to  jiijtassiuni  bromide,  either  by  tiecomposing  a  solution  of 
ferrous  bromide  with  so<liimi  crarbonate  or  by  treating  a  sohttton  of 
soda  with  bromine  and  finally  reducing  any  sodium  bronmte  formed 
with  charcoal. 

Sodium  brf»raide  is  somewhat  hygroscopic,  but  the  PbarmacopcEia 
has  fixed  the  limit  of  moisture  at  3  i)er  ceut.  As  iu  the  ease  oi  the 
corresp«*uding  potassium  sali^humc  ehloride  is  usually  present,  which 
is  vohirnetricatly  determined  with  dednornuil  silver  nitrate  soliitioo, 
cHch  Cc.  of  which  is  equivalent  to  0.010276  Gm.  NaBr  or  0.005837 
Gm,  NaCl.  The  rule  given  under  potassium  bromide  (paee  434)  niav 
be  ased  for  finding  the  exact  percentage  of  sotlinra  chloriae  caotaitied 
in  any  8am|>le,  The  Pharmacopoeia  requires  97.29  per  cent,  of  pure 
XaBr  in  the  dry  salt  by  demanding  that  not  more  than  29.8  (i, 
ijj  AgXOj  solution  shall  Im?  nercssary  to  precipitate  completely  0.8 
Gra.  of  the  salt  This  would  indicate  aljout  2.76  per  cent.  NaCI, 
for  0.3  Gra.  of  pure  NaBr  ref[uire  29.111  Cc,  ^  AgNO^  solutloti,  and 
each  0.221  Cc.  used  in  excess  of  that  quantitv  indicates  1  per  veal^ 
XaCI ;  then  2^.8—29.19=0.61  aud  0.61 --0  221 -=2.76.  ' 

Sodium  Carbonate.  Na,COa+10H,O.  Three  distinct  pro. 
cesBcs  are  in  use  at  the  present  day  for  the  ninmifacture  of  this  wait, 
nami*ly»  the  Leblanc  process  of  1784,  the  cryolite*  prrx?ess  of  ltiJ5l» 
and  the  Solvay  ammonia  process  of  1873.  In  both  the  Lebhtnc  ami 
Holvay  pnKTsses  sodium  chloride  is  enipIoye<l  as  the  startinji^-poiiit. 
In  tfie  tirst  fuse  sodium  chloride  is  converter!  into  sotlium  sulphate 
by  action  of  sulphuric  acid,  aud  then  iutfi  stxlium  sulphide,  and  sub- 
seciuently  earlmnatef  by  treatment  with  coal  and  chalk,  calcium  sul* 
phide  CMX'urring  as  a  waste  product.  In  the  ammonia  prooess  a 
tH)lution  of  stidinm  chloride  in  treated  with  ammonia  \^»  and  curbon 
dioxide  uirder  pre^isure.  wheu  a('id  s*>dium  earbonate  and  amm<tnir»m 
c-hh)ride  are  produt^<l,  ttijrether  with  i^ome  acid  ammonium  '.^, 

wliich  reacts  with  more  siidium  chloride,  converting  it  iiii  :  ,ux 
bicarbonate.  Finally  the  sudium  bicarbonate  is  converted  by  beat 
into  tlie  normal  carbonate. 

The  cryolite  prQce»  consists  in  beating   tlie   powdered   tniticflml 
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cryolite,  a  double  sodium  and  aluminum  fluoride  (AlF^^XaF),  vvitli 
jcliulk  or  Ihuestooe,  wlien^hy  a  soluble  stxlium  alumiuatc  and  insoluble 
|caleit]in  fluoride  are  produced,  carbou  dioxide  being  eliminated.     By 
ing  carbon  dioxide  under  pressure  into  a  solution  of  the  sodium 
linate  sodium  carbonate  is  formed,  as  well  as  aluminum  hydroxide, 
,  _]ie  latter  l>eing  precipitatetl.     This  process  is  extensively  employed 
in  this  country,  large  quantities  of  crj'olite  l^eiug  brought  from  Green- 
land. 

In  each  of  the  three  processes  the  sodium  carlK)Date  formed  is 
brought  into  solution,  which  is  filtered,  concent ratc<1,  and  allowed  to 
crystallize.     The  various  steps  in  the  manufacture  of  the  salt  can  be 
conveniently  shown  by  the  following  equations; 
I.  The  Leblanc  Process: 

a,  NaCI-r  H^,^NaHSO,-f  HCl. 
L  NaHSO,-fNaCl=Na,SO,^HCl 
r.  Na,SO,-f  C,^Na^^4CO, 
rf.  Na;S^GuC0,=Na,C0,4  CaS. 
The  Solvay  Process: 

a.  NaCl-t  2XH,4  8CO,-f2H,O=NaHCX),-^NH,HC0,4- 
NII,CL 
6.  NaCl^-NH.HCO.-NaHCO.+KH.CL 
e.  2XaHCO^=Na,CO,H^CO,+H,0. 

3.  The  Crv<4ite  Proce^  : 

ci.  Xa,AlF,4^3CaC03=Na5A10s+3CaF,+3CX),. 

b.  2Na,A103-f3CO,4-3H,0=3Na,COj+2Al(OH)j. 

The  official  sodium  carbonate  contains  68  per  cent,  of  water,  but 
effloresces  upon  cxjKJSure  to  dry  air»  being  gradually  converted  into  a 
white  powder.  The  crystallized  salt  is  rarely  used  in  medicine.  The 
commercial  salt  is  usually  contaminatoil  with  chloride  and  sulphate, 
and  is  nil ri Bet]  by  recrystullizatioo.  The  PharmatM>|>ci"ia  rc<|iiires  that 
tlio  anfiydriMis  r-alt,  dt-privnl  of  all  water  by  heat  rug  immtdiately 
before  Ijeing  weighcil,  shall  (M»ntain  at  least  DiS.O  ptr  cent,  of  No,COj, 
as  ascirtained  bv  titration  with  nonnal  acid.  The  following  ccjua- 
tion,  Na,C^^^H,S0,=N»,SO,4CX>.-rHA  shows  that  each  Cc. 
I  H,SO,  corres|K>nds  to  0.0529-25  Gm.  absolute  Na,CX)j,  henc^  18,7 
Ce.  will  represent  0.98l»  Gm,  in  the  official  test. 

Dm  ED  Sodium  Carbon  ate.    This  preparatiuu  is  recognij^  in 

the  Pharmacop(Bia  partly  with  a  view  of  supplying  a  more  uniform 

prmluct  than  the  crystal  I  ired  salt  and  partly  for  convenience  in  dis- 

pinsiu^.     By  following  the  official  directions  n  j»art  of  the  water  of 

^crystallization  in  allowcxl  lo  pass  off  at  room  tcmj>»  rnturc,  by  efflor- 

^fscence,  to  avoid  fusion  of  the  sidt  at  a  hij^hcr  tcni|M?ratare,  after 

which  th«^  white  jKJwdcr  is  riHluttnl  to  a  definite  weight   by  exposure 

to  a  mmlcnitc  h<j*it,  the  final  residue  still  retuiiiinj^  alxjut  26  per  cent. 

of  water,  mid  iirolmbly  rorresjKinding  in  compoHitiou  to  the  formula 

Na ,CUj-i- 2 HjtA     In  this  conditiim  f*iKlium  •     '        f-'  is  tmjmewtmt 

Jiygruscopic  and  mu^l  beprcderveil  in  tightly  ^!  i  bottlc^i.    Th« 
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official  artide  should  contaio  al>c>ut  73  per  c'ent  of  al 
The  Brititjh  Pharraacopceia  re<|uires  an  absolutely  ant 

Sodium  Chlorate.     XaClO^.     This  salt  may  be  prepared  in  \ 
similar  mauuer  to  potassium  chlorate  or  by  decompoaing  a  solul' 
of  acid   feodium  tartrate   or  sodiuni    silicofluoride  with    ix>tf 
chlorate  (NaHC,H,0,-f  KClO3=NaC103  +  KHC,H,Oe  or  Na,S 
2KC103=2NaClH-K^SiFJ,   reoioviog   the   precipitated     pot 
compound  by  filtration,  roncentrating  the  solution,  and  allo^ 
rhlorate  to  crystalline* 

Sodium  chlorate  is  vastly  nioi*e  soluble  in  both  water  and  alcol 
than  the  cori-espondiDg  potassium  salt;  but,  like  tbelatteri  is  readil 
decomposed  when  triturated  with  organic  or  other  easily  oxtdiaeal 
substancGS^  hence  must  be  handled  witli  care. 

Sodium  Chloride.  NaCL  Them  is  pmbably  no  subslaiioe  m 
universally  distributed  over  the  world  as  common  salt,  tmtare  pro- 
viding it  both  in  crystalline  form,  as  rock-salt,  or  in  soluttoo, 
water  and  the  brine  of  salt  wells.  Rock-salt  is  ejcteadively  mine 
but  the  largest  supply  of  salt  is  obtained  by  evaporation  of  the  \ 
Bolutioos. 

Sodium  chloride  is  employed  in  the  manufactuiN?  of  certain  i?liemi? 
cak,  but  is  used  rarely  in  mctlicine,  although  an  ]ndis(>enaahle  requi- 
site  in  the  animal  system.     It  is  of  chief  interest  to  pbarmactats  as 
a  reagent  in  the  volumetric  valuation  of  silver  salts. 


Sodium  Hvpophosphite. 


Like  the 


NaH.PO,  +  H,0. 
spondiug  potassium  salt,  this  salt  mav  be  c*onveniently  madc^  br  d< 
composing  a  solution  of  calcium  hypDphos|jhite  with  soctium  oarbcmal 
or  sulphate.  After  removal  of  the  calcium  salt  l)y  filtrattoo  th 
solution  is  evaporate<l  on  a  water- batli  to  dryness,  with  ciin^tant 
stirring  for  the  purpose  of  granulation. 

Sodium  hypuphasphite  is  hygroscopic,  but  more  permaneot  than 
the  potassium  salt  upon  exposure  to  air,  and  explodes  readily  wli4!i] 
triturated  witii  nitrates,  chlorates,  or  permanganates,  owing   to  itti 
tendency  to  oxidation. 

The  Piiarma(H>]xeia  requires  the  official  salt  to  contain  not  \em 
tliau  97,9*1  (ler  cent,  of  pure  NaH,PO,,  to  be  ascertained  by  tilratioD 
with  dec^iuormal  potassrum  |)erraanganatc  solution.     An  exctss  of 
the  reagent  is  added  and   the  exoess  determined  wnth  oxaliq  aeidl 
solution,  as  explainc*tl  nndei'  {H^tassium  hv[K)phosphite.    The  eqitatiool 
5(NaH,PO,  I  H,0}  ^  GH^SO^-r  4KMn(>,=5NaH,P<3,Hr2K30,-T^l 
4M«S(\  jllH.O  show**  that  5  molecules  or  f^29  2  parts  of  |Kirf' 
crystallized  swlium  hy|jophosphite  require  4  moleiniles,  or  6B0.68  j 
parts,  of  pcjtaAsium  (lermanganate  for  complete  oxiclation;    hrt>c«| 
1  Cc.  j^  KMnO^  solution  represents  0.002S46  Gm*  NaUjPO^^HjO*, 

Sodium  Iodide.     NaT.    This  salt  may  be  prejiared  by  ad 
io<rtnr  til  a  solution  of  caustic  soda;  but,  sinoe,  on  the  rechiction 
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the  Faulting  sodiiiru  iodate  with  cbarcoal,  some  sodium  carbonate  is 
apt  to  be  formed,  it  is  preferable  to  obtain  the  salt  by  double  deeom- 
poeitioQ  of  ferrous  or  ferroso*ferric  iodide  with  sodium  carbonate. 
The  reaction  taking  place  in  either  case  may  be  explained  by  tlie 
following  equations  :  Felj  -r  (Xa^COa^  lOH^O)  =  2NaI -f- FeCT), -r 
10H,Oj  FeJ,-r4(Na,Cp3--10H,O)=8NaI^  4CO,+Fe3  (OH),^ 
3QHJJ.  Tlie  mixture  h  boiled  su  as  to  facilitate  separation  of  the 
iix»n  compound  by  iiltratioii,  after  which  the  filtrate  is  evajK^rated 
to  dryne&^,  with  constant  stirring,  thus  yielding  a  finely  grauulateil 
salt 

Sodimn  iodide  crystallines,  in  an  anhydrooij  state,  at  temperatures 
above  40**  C  (104°  F.)»  and  this  is  the  Bait  recognirved  by  the  Pliarraa- 
oopceia;  but  at  ordinary  tenij>enitur«*  it  takes  up  nearly  19,5  per 
cent*  of  water,  and  theu  has  the  compositiou  NaI-r2UjO  ;  the  latter 
salt  is  decidedly  lesf^  hygrosc^ipic  than  the  oiScial  anhydrous  s^alt, 
which  readily  absorljt*  moisture  from  the  air.  Thts  fiict  explains  the 
verv  marked  development  of  heat  when  strong  solutions  of  the  an* 
byoroUB  salt  are  made,  due  to  a  chemical  union  of  the  salt  with  w 
wherms  similar  solutions  of  potassium  iodide  produce  a  decided  i^ 
tion  of  temperature.  The  PharmacoiKcia  ref[aires  the  absent  oi 
more  than  5  per  tx-nt,  of  water,  which  may  be  due  to  the  presence 
of  hydrated  crystals  or  may  hav^e  been  absorbed  by  the  anhydrous 
mil. 

Sodium  iodide,  as  well  as  its  atmeous  solution,  gmdually  undergoes 
•  dee^  II  u{)on  exposure  to  liglit,  been >min^  colored,  hence  both 

[fihutt  leserveil  in  dark  amljer*colored  botues^ 

The  othcial  salt  must  contain  not  less  than  98  per  cent  of  pure 

n^iditun    iodide,  as    indicated    by  the  demand  that  0,5  Gm.  of  the 

well-dried  ^It  shall  require  not  less  than  33.4  nor  more  than  34.5 

Cc.    '     \    V'l  unplete  precipitation*     0.5  Gm.  of  al)solute  Nal 

reon  i  Cc,  and  any  increase  al>ovethis  may  be  due  to 

btodiuni  bromide  and  chloride  prcf^ent,  since  Ixjth  of  these  salts  have 

I  ft  lower  molecular  weight  tlian  tlic  ioilide,  and,  tx>nsetiuently,  require 

\m  greater  relative  amount  of  silver  solution  for  precipitation. 

SomtTM  NfTRATE.     NaNO^.     The  immense  nitrtvbetls  of  Chili 
I  and  Peru  furnish  this  salt  in  a  more  or  less  crude  8tate  :  it  is  com- 
'  inrrt'iiiUy  known  m  Chili  saltjieire,  or  cubic  nitre,  and  t»  purifie<l 
by  rernnt^d  solution  and  crystal  1  ideation. 

Soaium  nitrati^  is  of  comparatively  little  interest  in  pharmacy,  l>ut 
is  exteiiHivelv  employed  in  the  manufac^iture  of  nitric  and  sulphuric 
.acids,  Dotassium  nitrati ,  etc.     It  diflers  from  imV 
l^beiug  Iiygni8*tipic  anil  in  it^  greater  Holul>ility  in  w 

SoDmii  NrrarrE.    NaNO^.    This  salt  is  interesting  chiefly  as  the 

ircse  of  nitrous  acid  in  the  official  process  for  tJic*  manufactun^  of 

fetliyl  nitrite  in  the  preparation  of  spirit  of  nitmuH  ether     When 

iium  nitrate  b  heaieo  witii  charcoal,  starch,  or  similar  reducing 
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mMiium   mtoif!   ra 


toiittLU*  tat  s  bKt&er, 


tlie  lead  ia  eradmOj  eonvcrlgd  into  lt»tT 
and  ibe  aodittm  aaR  b  rednoed  to  nitrite;  tbxx-  ^  ^=i 

2XaK02-2PbO.  The  fused  nuiw  »  lixiYbtal  witii  wmter,  the 
flolntioa  lr«al€d  with  carbon  dioside  to  irmore  any  lead  poodUt 
held  in  aolotioo^  filtered,  and  finally  allowed  to  crTBtaOtae^  B^ 
ftqieated  recrrstalHzatioo  a  very  pore  alt  can  he  obtannd  cootahiiiig 
98  per  cent,  and  over  of  abaoiiste  sodiom  nitrite. 

On  account  of  its  deliqnesoent  character  and  ready  €i^dmikm  to 
nitrate  upon  expo^ire  to  air,  the  salt  most  be  careMly  praem^  is 
Ugbtly  cloeed  boCtlca 

The  valne  of  sodiofn  nitrite  depends  upon  the  pfoportkio  of  NaN( 
present,  which  sboald  be  not  leas  than  97.6  per  oeol^  miMJ  is 
termtned  by  meaaoriM  the  Tolnine  of  oitrogen  dioside  (HfjO^  or  i 

obtainable  from  a  giveo  wdght  of  the  sail.      Whenever  aod 

nitrite  is  brought  together  wiui  potasettim  iodide  and  dilmed  mh 
phnric  acid,  oitrogen  diosxide  and  iodine  are  liberated  with  the  for^ 
mation  of  sodium  and  potaasitiin  add  sulphates ;  by  oooductiog  the 
operation  tn  special  apparatnsy  permitting  of  the  eoUectJoii  o?  ih« 
oa  in  a  graduated  tube,  its  voltune  can  readily  be  measiired,  and, 
from  this  the  correspouding  weight  of  sodium  nitrite  be  calcnlated. 

The  equation,   ^^lSO^^  Kl  ^  2Hm,  =  SO^I^NitHSO^^ 
KHSO^-hHjO,  shows  that  one  molecule,  or  68.93  Gm.  of  alieoinu 
NaNOj  yield?  one  molecule,  or  29,97  Gro,  of  XO  gaa :  but,  since 
the  gas  is  to  be  measured,  it  is  nec^sarv  to  ascertain  the  weight 
a  cubic  centimeter  of  the  same.     It  is  well  known  that  a  liti-r  of 
hydrogen  weighs  0,0896  Gm, ;  hence  a  liter  of  any  other  gas  mn 
weigh  as  many  times  0.0896  Gm.  as  the  gas  is  heavier  than  hytf 
gen ;  nitrogen  dioxide  is  14.985  times  as  hea\7'  as  h\*drogeiip 
equal  volumes  of  tlie  two  gases  weigh  2  and  29.97  respectively  ;  a 
liter  of  NO  gas  must  thert^ibre  weigh  14.985  times  0.0896  Gm.  or 
1.34256  Gm..  which,  dividetl  by  UXX»,  gives  O.00184256  Gm.  aa 
the  weight  of  one  cubic  centimeter.     But  this  weight  is  baaed  on 
ataudard  conditious — namely,  a  temperature  of  0°  C.  (32^  F.)  and  a 
barometric  pressure  of  760  Mm.,  and  any  change  in  theae  condttioiia 
must  ebauge  the  weight  of  a  Cc,  of  gas.     Gases  are  known  to  in«  < 
crease  in  volume  to  the  extent  of  j^  or  0*008663  for  every  1*=*  C.^\ 
or  1,8®  F.,  henoe  the  weight  of  a  Cc.  of  gas  at  any  higher  tempera- 
ture can  be  ascertained  by  dividiug  the  weight  of  it  at  0^  C.  (S2^ 
F.)  by  the  increased  volume  at  the  higher  temperature;  at  15**  CI 
(59*^  F.),  1  C^,  of  any  gas  at  0*^  C.  has  iucreasestl  to  1  -f  (0,008683  X 1 6)  ] 
or  1.0&4945  Cc,  and  at  25  C  (77**  F.)  to  1-f (0.003668x26)  ot\ 
1.091576  Cc-     One  Cc.  of  NO  gas,  therefore,  weighing  0.«X»13425fl 
Om,at  0**  C.  (32^  F.)  will  weigh  at  15=^  C  (59<^  F,)  0  00127881 
Gm,  (O.00131256-f-1.054945=0.iX)12726),and  at  26**  C.  (77**  P.) 
0.0012319  Gm,  (0.(X)134266-^1  091575=0.0012319). 

Siuci*  29.97  Gm,  of  NO  gas  represent  68.93  Gra,  of  NaNO^  i 
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bnwn  bv  the  alx)ve  wjuation,  each  Cc*  NO  gas  at  15**  C  {o^^  F,), 

■weighing  0.0012726  Gm.,  must  represent  0.002926  Gm.  NaNO, ; 

for  2S).97: 68.93  ::0.(K>1 2726: 0.002926;  and  each  Cc.  at  26°  C. 

(77=^  F.).  weighing  0.0012319  Gra.,  must  represent  0.002S33  Gm. 

NaNO,;    for   29.97  :  68.93::  0.0012319: 0.002833.     The  Pharma- 

|Oop€&ia  requires  that  0.15  Gra*  of  sodium  nitrite  shall  yield,  at  15° 

*C.  (59°  F.X  oot  less  than  50  Cc.  of  NO  gas,  and,  at  25°  a  (77°  F.), 

not  less  than  51.7  Cc,,  to  sliow  at  least  97.5  per  cent,  pure  NaNO, ; 

97.6  per  cent  of  0.15  Gm.  is  0.0146  -r,  and  0O02926  X  50,  or 

0.002833  X  51.7  ==  0.0146  4-*     Slight  solubility  of  the  gas  in  the 

salt  suliitiou,  and  variations  in  l»aromctric  pressure,  are  overlooked 

»D  the  official  test,  as  they  will  not  materially  affect  the  result. 

SoDiusr  Phosphate.     Na^HPO^  4-  12H/).      Phosphoric  acid 
being  tribasic,  is  capable  of  yielding  three  classes  of  alkali   salts, 
known  respectively  as  primary,  secondary,  and  tertiary  alkali  phos- 
phate.    The  official  salt,  as  shown   by  the  chemii-al  formula,  is  the 
l^econdary^  or  dibasic  sotlium  phosphate,  which  usually  sbow;^  a  ncu- 
llral  or  only  faintly  alkali ue   reaction  toward   litmus,  the  primary 
Iphosphate  having  an  acid  and  the  tertiary  phosphate  a  decidedly 
alkaline  reaction.     Disodium  orthophosphate,  as  the  official  salt  is 
also  knowD^  is  made  by  decomposing  a  solution  of  acid  calcium  pbos- 

Shate  with  sodium  carbonate.      Tne  calcium   salt   is  obtained  by 
igestin^  calcined   bone,  or  l)one  ash,  with  sulphuric  acid,  whereby 
the  tricalciura  phosphate  (of  which  bone  contains  about  40  per  cent.) 
is  converted  into  acid  calcium  phosphate  and  calcium  sulphate,  the 
latter  l3eiug  precipitated  ;  thus,  CasCPO,)^  --  2HjSO<  =  CaH.(POJ, 
2CaSO^;  the  magma  is  then  strain^*  and  the  resulting  lifjuia, 
[^ntaining  the  acid  calcium  ]>ho$phate  in  solution^  is  mixed  with 
lium  carbonate  as  long  as  precipitation  occurs,  whereby  aecondar^' 
Iflodiura  phosphate  is  proiluceil,  and  renmins  in  solution^  while  <^U 
kium  carbonate  is  precipitated  and  carbon  dioxide  expelled ;  thus, 
CaH,(POjj  4-2Na,C03=  2Na,HPO,  r  CaCO, -f  CO,  +  H,0.  The 
mixture  is  filtered  and  the  filtrate  conoentrated  and  allowed  to  crys- 
tallize. 

The  official  sodium  phosphate  contains  60.8  per  cent,  of  water  of 

pstalli nation,  a  portion  of  which,  about  one-fourth,  is  lost  by  efflor- 

3ce  upon  exnosure  to  air  ;  moreover,  carbon  dioxide  is  gmdually 

absorbed,  the  salt  being  converted  into  monosodium  phosphate  and 

I  tcid  sodium  carbonate ;  henoe  it  must  be  preserveil  in  well-stoppered 

'  ottles^  in  a  cool  place.     At  the  temperature  of  boiling  water  the 

nit  oin  be  made  nnhydrous ;  but^  when  ex|K)9ed  in  this  condition,  it 

lin  absorbs  water,  gradually  forming  a  salt  of  tlie  composition, 

iJfa^HPO,  -i-  7HjO,  containing  alxHU  47  jM?r  cent  of  water,  which  is 

"  permanent.    Dried,  gmnulate<l  so*liuni  phosphate  occurs  as  an  article 

of  commerce,  but  should  not  W  U9e<l  wuen  sodium  phosphate  is  pre- 

"  ribed  by  phyfiictan»«  or  in  official  ftirmulas,  as  it  contains,  weight 
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for  weight,  about  one  aad  one-half  times  the  amount    of  actual 
Na^HPO,. 

The  British  Pharmacopoeia  directs  the  preparation  of  effervescent 
sodium  phosphate,  which  contains  about  20  per  cent,  of  the  anhy* 
drous  salt,  together  with  sodium  bicarbonate  and  tartaric  and  citric 
acids.  Granulation  is  eifected  by  placing  the  mixture  in  a  dish 
heated  to  about  100^  C.  (212°  F.),  and  stirring  assiduously. 

SoDirM  Pyrophosphate.  Na^P.O^  -f  lOHjO.  This  salt  is  pre- 
pared by  exposing  crystallized  sodium  phosphate  to  gradually  in- 
creased temperatures,  when  it  first  undergoes  fusion  at  about  44°  C. 
(111.2°  F.);  at  100°  C.  (212°  F.)  becomes  anhydrous,  and  at  a  red 
heat,  300°  C.  (572°  F.),  is  changed  into  a  totrabasic  salt  of  pyro- 
phosphoric  acid  by  the  further  elimination  of  water.  Two  mole- 
cules of  the  crystallized  phosphate  yield  one  molecule  of  the  pynv 
phosphate;  thus,  2(Xa2HP(),  -f  r2H,>0)  =  Na,iy>7  4-  25H.O.  The 
dry  residue  is  dissolved  in  water,  and  the  solution  set  aside  to  crys- 
tallize. 

The  crystals  of  sodium  pyrophosphate  are  difficult  to  retluce  to 
fine  powder,  and  are  far  less  soluble  in  water  than  the  ortho- 
phosphate. 

Sodium  Salicylate.  NaCyH^Oa.  The  official  salt  may  he 
conveniently  obtained  by  mixing  sodium  bicarlx)nate  10  parts  and 
salicylic  acid  16.5  parts  with  distilled  water  10  parts,  in  a  glass  or 
jwrcelain  vessel,  and,  when  effi?rvescen(»e  has  ceased,  evaporating  the 
solution,  at  a  temj>erature  not  exceiHliug  60°  C.  (140°  F.),  to  dry- 
ness. It  is  essential  that  the  solution  be  slightly  acid,  hence,  if 
necessary,  a  trifling  addition  of  salicylic  acid  may  be  made,  since 
alkali  salicylates,  in  the  presence  of  an  excess  of  alkali,  absorb 
oxygen  from  the  air  and  l)t»come  (H)lored.  Sodium  bicarbonate  and 
pure  nion(K*arbonate  are  better  suited  than  sodium  hydroxide  for 
neutralizing  the  acid,  since  strong  bases  are  apt  to  form  different 
salts  with  salicylic  acid,  such  as  Na.C^HjOj,  although  the  acid  is 
UKuiobasic ;  these  so-called  secondary  salicylati^  are  less  permanent 
and  less  soluble  in  water  than  the  normal  salts. 

All  contact  with  iron  must  1h'  carefully  avoided  in  the  i)re|)aration 
of  this  salt,  owin«r  U>  the  delicate  reaction  of  salicylic  acia  with  that 
metal,  and  tiitration  through  ordinary  filter-paj>er  is  apt  to  color  a 
sohuion  of  the  salicylate,  hence,  ])ure  cotton  or  glass  wool  is  pre- 
ferable for  strainin;!. 

Sui)ir>r  Sf'i.iMiATK.  XaoSO,  loIL.O.  This  salt  is  daily  ol>- 
taiiunl  as  a  by-j)ro<luct  in  numerous  chemical  pnK'esses,  such  as  the 
manufacture  <>f  hy«lnK-hloric  and  nitric  aci<ls  and  magnesium  car- 
iKinate,  as  well  a>  the  trenemtion  of  carbon  dioxide  from  sodium  bi- 
«irlK)nate  with  sulphuric  a^'id,  in  the  manufacture  of  carbonated 
waters.     It  i>  |)untiMl.  if  necessary,  by  recrystallization. 
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The  offidal  salt,  oommoaly  kuown  a^  Glaulier's  salt,  contains  55.9 
per  cent-  of  water  of  crystallization  and  effloresces  rapidly  upon  ejc- 
postire  to  air* 

Far  convenience  in  dispensing!  the  German  Pharmacopoeia  directs 
the  nreparafion  of  dried  sodiinn  sulphate,  by  exposing  the  orystal- 
Ijjoea  salt  to  a  moderate  heat  tmtil  its  weight  has  been  reduce<l  to  one- 
half,  as  in  the  Ga:§e  of  dried  sodium  carb«mate.  The  dehydrated  salt 
h  in  the  form  of  a  white  powder  and  represents  double  the  weight 
of  the  cryi^tallized  salt. 

Effervescent  sodium  sulphate  is  directed  by  the  British  Pharma- 
Cf>p«eia  to  be  ma<le  from  the  anhydrous  salt,  in  the  same  manner  as 
stated   under  s^jdtum  phosphate.     It  oontaius  about   25  per  cent. 

Sodium  Sulphite.  Na^SOj  -r  7HjO.  Normal  sodium  sulphite 
is  obtained  by  first  prejiaring  a  solution  of  the  arid  sulphite,  as 
alreatly  explained  under  SiKlium  bisulphite,  and  then  adding  a  weight 
of  smliuni  carlwnate  equal  to  that  first  used,  when  a  neutral  salt  will 
be  formed ;  thus,  2XaHSo,  -r-  Na^aJj  =  2Na^\  -  iXK  -  H,0. 
The  solution  is  then  evaporated  and  alio  wed  to  crj'stallize. 

The  otticJal  salt  contains  50  per  cent,  of  water  of  crytstalHssation 
and  is  liable  to  be  ctmtamiuated  with  the  same  impurities  as  the  bisul- 
phite ;  it  efflorescei*  uj>on  ex|K>sure  to  air  and,  like  the  latter  salt,  is 
gradually  couverte<l  into  sulphate.  The  Pharmanjpoeia  requires  that 
the  salt  shall  contain  at  least  96  jier  I'eut.  of  crystallizecl  Na^^SOj, 
which  is  determined  by  means  of  icnline  solution,  whereby  all  sul» 

S'lite  present  is  converted  into  sulphate.  AcxH^rdiug  to  the  equation, 
a^vTHjO  4^13=  Xa,S(>4  ^  ^tW  -f  ^H,0,  each  Cc.  ^I  solution, 
containing  0.012653  (im,  of  iodine,  is  capable  of  oxidizing  0.01*2579 
Gm.  of  the  crystallizetl  sulphite,  hence  48  Cc,  will  be  required  for 
0,63  Gm.  of  tlie  oilicial  salt. 


Sodium  Sl^lphocabbolate  cm  pARAPHENOLSUiJ*HONArE, 
NaS(>,C^H^  (OH)  -r  2HjO.  Wheu  pure  carbolic  acid  is  mixed  with 
an  equal  weight  of  sulphuric  acid,  a  new  compound  is  formerl,  to 
which  the  name  sulpho-carl>oIic,  or,  more  corrcLlly,  phenolsulphonic 
acid,  has  been  given  and  which  ha*^  the  comprHition  HSOjC^H/)H  ; 
the  acid  is  monobasic  and  h  produced  accortling  to  the  equation, 
C,H.(OH)  ^  H^,  =  HSO.tVH  OH  +  H,0,  Two  varieties  of 
this  Hciii  arc  known,  the  ortho-  and  para  phenolsulphonic  acids,  the 
formation  of  which  defends  upon  the  temperature  at  M-hidi  th»»  rr^ 
actidU   is  alltiwi*^!   to  ;^o  on  ;  in   the  tH)hl,  only  the  it  s 

pr<Hlu(M*d,  whih*  with  nHJ<lcrate  hciit  a  mixture  of  tin  ^^ 

and  at  the  ti?nip**mtun*  of  Ixjiling  water  only  the  para  arid  ij*  •tJv 
tained.  It<ith  varittic^^  form  clt*nr  solutions  with  water^  but  di ITer 
from  earli  other  in  thr  chururtiT  <»f  tlirir  salts,  bfith  as  rcf^inls*  solu- 
bility and  fonn       '  tlon  of  llie  crystals. 

Tne  Pharniiu    I  ,i/4»s  only  th«* /Ktm-pbenolsulphonate  of 
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sodiura,  whioh  h  pi-epiired  bv  hcutiug  a  nnxturt*  - 
carbolic  and  sulpburie  acids,  on  a  iMjiliiig  water- 
dilutiog  the  uew  compouod  with  water  and  ueutmiizitig    the   Lot 
liquid  with  an  excess  of  barium  tjarbunate*    After  filtratiuii^  the  ^*ln- 
tion  of  barium  .sulphocarbolate  is  decora [xised  by  means  of  siMlt  m 
carbonate,  filter<jil,  coneeotrated,  and  set  a^ide  to  (m         ' "  '"'  ■■  .].  - 

composition  iuvolvesa  very  siriiple  reaction  ;  thus,  J  i  I  i 

+  NaXX),  ^  2NaSOjC^H,(OH)   f  BaCO,,     Lead    carbotiau*  f 
be  used  in  |)laee  of  the  barium  carbonate  to  ueutmlize   the  m  -s  I 
formed  pbentibulphouic  acid,  as  lead  sulphocarbolate  is  alfK)  8ob:i 
in  water. 

The  official  siilt  contains  about  15.5  per  cent,  of  water  of  er%"^tj%l- 
lization»     The  corre*i|Ktnding  potassium  sulphocarbolate  is   |i 
anhydrous,  while  the  ziur  sab  crystallizes  with  8  molecules  n: 
per  cent,  of  water. 

Sodium  TniosuLPHAXE.  Na^S^O,  +  5H,0.  This  salt,  wr^mgly 
called  sodium  hyix)**ulphite»  may  be  obtained  in  various  ways,  sach 
m  boiling  a  solution  of  sodium  sulphite  with  sulphur  (Xa-^SOj  -*-  S  == 
Na^SjOA  adding  iodine  to  a  solution  of  sodium  su)|ihite  unci  sol* 
pbide  (NagSOj  -r  Na^S  —  I  —  XajS^Oj  -|-  2NaI),  boiling  aulphur 
with  solution  of  soda(6NaOH  +  Si^^Na^A  -f  2Na^,  -r  SHpK 
etc. J  the  process  employeil  ou  a  large  scale,  however,  eonsiats  io  de- 
composition of  (*a]ciuui  thiosulphate  in  solution,  by  means  of  doclium 
carbonate  or  sulphate,  insoluble  calcium  mrbonate  or  f^ulphate  iR'in:^ 
pi-ecipitatcil,  while  sodium  thiosulphate  remains  in  solution  and  is  re* 
covered^  after  filtration,  by  crystallization  ;  the  reaction  may  be  thus 
indicate<l,  CaSp.  -j-  NajCO,  =  NajS,,0,  +  CaCO,,  Calcium  thin^U 
phate  is  obtainecf  either  from  the  residue  left  in  the  manufaecurt*  of 
sodium  carljonate  by  the  Ijeblaiie  process,  known  as  alkali-wastey  i*r 
from  the  gas-lime  left  in  the  purification  of  illuminating  gaa  l^  dry 
lirae.  Both  of  these  residues  contain  calcium  sulphides  which,  upon 
exposure  to  the  air,  undei^go  oxidation  and  are  converted  n«^-  *f>i  . 
sulphate. 

Unfortunately  the  Pharmacoj>*eiu  has  retaiueti  the  oni  name, 
Bodinm  hyposulphite,  as  the  official  title  for  this  salt,  which  is  not  in 
conformity  with  the  chemical  formula  indicating  its  compoifitioii. 
True  sodiuui  hyposulphite  has  the  formula  NallSOj,  and  may-  be 
preiMireil  by  treating  a  solution  of  sodium  bisulphite  with  nMHJilJic 
rinc,  whcrebv  s<jc1ium  hyjiosulphite  and  sulphite,  together  with  woe 
sulphite,  an-  fornuil ;  thus,  3NhHS0,  +  Zn  ^  NaHSO-  4-  KaJSO,  ^^ 
ZnSOj  -   If^O  ;  this  «alt  is  use<l  l»y  dyers  and  ^ "     >,>- 

mdphit<*s  can  U*  distinguislH'd   fn»m  thiosiii'  in, 

when  the  former  brmk  up  int*>  thiosulphatea  and  water,  while  the 
latter  yield  sulphaU'K  and  sulphide«i. 

SfKlium  tliiosulphate  is  employed  to  a  limited  extent  in  tnedicloe, 
bui  '     '  V  i-  as  a  %^aluable  chemical  reageni  in 

vol  il  salt  should  contain  at  least  S)8J 
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per  cent,  of  pure  crystallized  Xa^S^Oj,  which  is  deter raiued  by  means 
of  decinorraal  iodine  solution  io  the  presence  of  starch*  The  reaction 
between  iodine  and  sodium  thiosulphatc  has  already  l)eeu  ex  plainer  I 
in  connection  with  the  assjiy  of  cliloriuc  M^tcr  (page  409),  ana,  since 
each  Cc.  of  y'ij  iodine  solution  requires  0.02476-1  Gni.  NajS/)35H/>, 
it  follows  that  at  least  9,9  Cc,  rau^t  be  added  to  a  ^lution  of  0/25 
Gm,  of  the  official  salt  before  an  excess  will  be  indicated  by  tlie  per- 
manent blue  color  of  iodized  starch,  for  9HJ  per  cent,  of  0.25  is 
0.02452  X  and  0.0247*5  X  9.9  =  0.2451636. 

Solution  of  Soda.  This  pre[iaration  closely  resembles  the  offi- 
cial solution  of  potassa,  and  can  be  made  by  either  of  the  processes 
described  on  page  439,  except  that  stidium  salts  are  to  he  used  in 
place  of  potaasium  salts.  It  has  a  spec.  grav.  of  about  L059  at  \h^ 
C.  (59^  R). 

Solution  of  soda  should  contain  5  jier  cent,  by  weight  of  absolute 
lITaOII,  equid  to  about  27  grains  in  each  fluidounce,  and,  for  reasons 
[already  stated  in  iH>nnect!on  witii  solution  of  potassa,  mu^t  be  pre- 
I  served  iu  green-glass  bottles  with  tightly  titting  stoppers  coated  with 
I  paraffin. 

The  official  solution  of  soda  of  the  Brlttsh  Pharmacopoeia  is  slightly 
j  weaker  than  our  own  (4.1  percent.),  while  that  of  the  German  JPhar- 
macoi^a  (liquor  natrii  caustici)  cx>n tains  16  percent.,  and  that  of 
^  the  French  Codex  23  \^t  cent  of  caustic  smla. 

SoLtTioN  OF  Chlorinated  Soda.     The  Pharmacopa?ia  directs 

that  this  solution  shall  1)©  made  by  mixing  strong  solutious  of  75  parts 

.of  chlorinated  lirae  and  150  parts  of  sodium  ctirlKjuate,  whereby  the 

'lime  salts  are  decora^xxsal  and  pn.vipitati*d  as  carUjuate  ;  sint«  chlori* 

nated  lime  consists  of  a  mixture  of  calcium  hyiK)chIoriteand  chloride, 

the  corresponding  sodium  salts  will  be  present  in  the  liquid  afler  the 

above  mixture  has  Ixieu  filtered.     The  deeom{>osition  may  be  illus- 

Ltratfd  by  the  following  etpiation  :    Ca(ClO).  4-  CaGa  -f  2Na3CK)5  =^ 

fSNaClO  -f  2NaCl  -h  i^CaCOj.   The  object  of  directing  a  hot  solution 

of  mKlium  carbonate  to  l>e  use*!  is  to  insure  the  furmation  of  a  densiie 

,  precipitate  of  calcium  carlH>uate,  from  which  the  liquid  can  be  readily 

_  imted,  otherwise  much  trouble  will  be  ex|ierienced  in  filtration 

^and  washing. 

Tlie  preparation  is  more  familiarly  known  as  T^^ibarraque'ssoltitioUf 
.and  owes  ita  value  as  a  disinfixHant  to  the   -  chlorine  nr* 

'by  which  is  meant,  not  the  total  amount  <«  ne  in  combiuai 

but  the  amount  present  as  hypochlorite,  which  c«n  be  eliminate^l  as 
fmee  chlorine  bv  the  aid  of  an  acid  ;  thus,  NaCIO  -f  HCl  =  NaCl  -^ 
HCIO  and  HCIO  ^  HCl  =  CL  4-  IT  A   The  solution  shoukl  l)e  pre- 
jif*rvHl  iu  dark  bottler   provi*lc<l  with  niblwr  st«'f  '  _ht  U 

Ldetrinierital  to  itj^  stability,  and  cork  »top{)ers  arc  j:  i  j  oyed 

Iby  the  liquid.     The  iwapi*  of  carlxni  aioxiile  ujkju  ti»*'  ailditiow  of 
'lis  ilrnf  hluric   acid    tu    Hn-    ^aliiKon     ih   dtir    f<»    tlif  il^'i'f  »tnf»o!Nitiuti    nf 
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sodium  earbouate,  which  is  frequently  preseut,  owing  to  the 
eompositlon  of  the  chlorinated  lime  used  in  the  maoulaelure. 

The  official  solution  must  contain  at  least  2.6  per  cent,  by  weigtit 
of  available  chlorine,  which  is  determined  by  liberating  the  chkmiie 
with  hydrochloric  acid  and  allowing  the  same  to  act  upon  |xvtaaBitUD 
iodide;  as  explaine<l  under  chlorine  water  (page  409).  an  equival€iit 
quantity  of  iodine  will  l>e  set  free,  the  amount  of  which  can  lie  nscs^t- 
taine<l  volu metrically  with  deci normal  sodium  thiosulphate  soltitioo, 
and  from  this  the  weight  of  cb brine  libemted  can  be  readily  tril^T:- 
lated.  Each  Co.  ^  Na^S-^Oj-f  5II/J  solution,  corresponding  to  o!oi  2*'  o 
Qm,  of  ioiline,  represents  0.00^537  Gm«  of  chlorine,  he  i 
will  lie  required  to  decolorize  the  iodine  liberated  by  0.17  i  _ 
per  cent,  of  G.7  Gm,  chlorine,  in  the  official  test. 

A  preparation  very  similar  to  the  foregoing  is  the  soluttoo  of 
chlorinated  potassa,  better  known  as  Javelle  water,  or  eau  de  Javelle ; 
it  is  prepared  by  substituting  an  equivalent  quantity  of  potassioiD 
carbonate  for  the  so+lium  carbonate  in  the  above  process. 

Solution  op  SomuM  Arsenate,  Like  Fowler's  solution,  this 
preparation  may  be  more  conveniently  considered  with  the  official 
oompouuds  of  arsenic 

SoLtJTXON  OP  Sodium  Silicate.  This  !«^ohition,  umier  the  uarot* 
of  liquid  glass,  or  water-glass,  is  more  extensively  employed  in  the 
arts  than  by  physicians.  It  is  preparitl  by  fusing  together  a  niixtun^ 
of  finely  powdered  quartz  and  dried  sodium  carbonate,  wheu  f^odium 
silicate  is  formed  ancl  csarbon  dioxide  expelled  ;  the  resulting  pro<}ucl 
is  tretited  with  tK)iling  water,  filtered,  and  the  solution  couoetitratecL 
The  official  golution  has  a  3).>ccific  gravity  of  1,30  to  K40,  and  coil* 
tains  about  33  per  cent,  by  weight  of  a  mixture  of  sodium  tristlicata 
and  tetrasificate  (Na^,0*  and  Na^S^Cy,  wliicli  i*alts  are  less  alkaiioe 
than  the  mdasilicate,  Na^SiOj,  and»  therefore^  better  adapted  for 
surgical  purposes. 

Besidcj^  the  official  salts  ot  su«.luinH  the  followmg  are  oT  rnierest  to 

pharmacists : 

Sodium  Citrate,  2Na,CjHjO, 4-1111^0.  Citric  acid,  beitig 
tribaaic,  la  c^palile  of  forming  three  different  salts  with  sodtaiu, 
but  the  normal  **alt,  or  tri*i>dium  citrate,  is  the  kind  usually  em- 
ployed. It  is  prepared  by  neutralizing  a  i^olution  of  citric  acid  witli 
sodium  carbonate  ht  bicarlHmatf,  C4)ncent rating  the  solution  find  al- 
lowing it  to  orystallize.  To  make  KM)  parts  of  the  salt  requiresps  58,8 
parts  of  citric  acid  and  121.5  j)art8  of  crystalli/>'d  sodium  carboaate 
or  113  })art»  of  bicarbonate.  The  German  Pharmacopceia  rtcog- 
nijses,  umler  the  name  Potio  Fiiveri,  a  frewhly  pre|>ared  eflerve^cent 
flolntion  of  sodium  citrate,  made  with  4  Gm.  of  citric  acid,  7  Gma,  of 
cryitalltjsed  smlium  carbonate,  and  IDO  Cc.  of  water. 
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Sodium  Ethyl.ate.  CjH^ONa.  This  salt,  also  known  as  caus- 
tic alcohol,  is  obtaiDed  by  direct  action  of  metallic  soclium  on  abso- 
lute alcohol^  the  metal  being  added  ia  small  pieces  at  a  time,  as  long 
as  the  evolution  of  hydrogen  continues,  and  tne  mixture  kept  cool  by 
immersing  the  flask  in  water.  The  salt  may  be  preserved  in  the 
form  of  crystals  or  powder  in  well-stoppered  bottles.  The  Britisli 
Pharraacopceia  directs  a  solution  of  sodium  ethylate,  to  be  made  by 
dissolving  22  grains  of  metallic  sodium  in  1  fluidounce  of  absolute 
alc^jhol ;  it  is  a  colorless,  syrupy  liquid,  containing  1 9  per  cent,  of  tlic 
salt,  and  becoming  brown  by  keeping. 

Sodium  Santonixate.  2NaCi5Hj^04-f  7HjO.  This  salt,  whicii 
was  dropped!  from  the  Pharmacop<eia  of  1890,  can  l)e  made  by  dis- 
flolving  santonin  in  a  hot  solution  of  soda,  filtering  the  solution  and 
crjnstallizing  in  a  cool  place.  It  is  soluble  in  3  parts  of  water  and 
12  parts  of  alcohol  at  ordinary  temperature. 

SoiutiM  8uLPBOvi5'ATE,  OR  Ethvlsllphate.     NaC.H^SO^-f 

H.O*     When  sulphuric  add  is  added  gradually  to  an  equal  weight 

of  alcohol,   sulphovintc  or  ethylsulphuric   acid    is   formed ;   thus, 

CjHsOH-hHjSO.^aH.HSO.H  irpj   this  can  be  neutralized  by 

adding  barium  t^rbonute  in  excels,  filtering  the  mixture  and  decom- 

ipodiug  the  solution  of  Imriutn  3ul[>hnvin«te  by  a  .solution  of  sodium 

[carbonate  or  sulphate.    After  filtratiou  the  clear  liquid  is  evafK>rated 

I  it  a  moderate  heat  aud  crystal  liseil.     The  salt  is  very  soluble  in 

tpater  and  also  in  alcohol  and  glycerin. 

StjDirM    Tartrate.     Na2C,Hp^4^2H/>.     This^    salt    may    be 

prenar^i,  like  the  citrate,  by  simple  substitution  of  tartaric  acid  for 

icitric  acid.     To  m^ke  100  jiarts  requires?  Go.  19  parts  of  tartaric  acid 

lud  125.78  jiartii  of  trvstalll/>Hl  srHlium  carbamate,  or  74.09  parts  of 

bicarbonate, 

SoDiiTM  Valerianate,  XaC.H^Oj.  TWs  salt  is  recognized  in 
•  the  British  Pharmacopieia,  and  is  made  by  neutralizing  valerianic 
acid  with  caustic  soda  or  sodium  carbonate;  the  solution  is  evapo- 
rated to  dryness  and  the  heat  then  continuetl  until  the  salt  fuses.  If 
the  valerianic  acid  is  contiiminatetl  with  aniyl  valerianate  fapple  oil), 
thi»  will  separate,  and,  fl<mting  as  an  oily  liquor  on  the  solution,  can 
be  removes). 


CHAPTER    XLIl. 


THE  COMPOUNDS  OF  LITHIUM. 

Fl\'E  lithium  salts  are  repogaizecl  iu  the  PliarniacoivBia   truw^\ 
with  one  eflferveaceut  preparation  of  a  salt.     A    IK^'uHaritv^'of - 
lithium  salta,  by  which  they  can  be  readily  distinguishe<|    fixim  iHj 
alkali  salts,  is  their  wmplete  solubility  in  a  mixture  of  equal  volar 
of  alcohol  and  ether,  after  convei-sion  into  the  chloride. 

The  following  is  a  list  of  the  official  lithium  preparations  - 


0!ficJ*l  Engllih  Kame, 
Lithium  Benzoate, 
Lithium  BroiBjde, 
LithiuDi  Carbonate, 
Lithium  Citrate, 
Effervescent  LitKium  Citrate, 


OffleUit  lAtlu  Kaiae 
Lithii  Benzna.^, 
Lithii  Bromidum. 
Lithii  Carbon  as. 
Lithii  Citra^. 
Lithii  Citras  Eflervejioeoa. 


Lithium  Benzoate.    LiC^HjOa*    This  salt  is  most  conveciteiitlJ 
prepared  from  the  carbonate,  by  suspending  the  same  in  hat  wat*' 
and  atlding  Ijonzoic  acid  as  long  as  effervescence  continues  •   iJie  ltlJ 
trate  is  evaporated  on  a  water-bath  todryness,  with  constant'sttrriatFj 
or  may  be  c'ont'entrated  and  set  aside  to  crystallisse.     To   make   10 
parts  of  the  salt  will  require  29  parts  of  lithium  c^rbuuate  and   t* 
paits  of  l.»enzoir  acid,  the  reaction  being  as  tbllows:  2HC  tLO  *" 
LiA>3^2LiO;U  A  +  CA  +  H,0.  J^^M' 

The  salt  is  permanent  in  the  air  and  very  soluble  in  water   but 
less  so  in  aleohoh     The  Pharmacopeia  refjuires  practically  ahsolate 
purity,  which  is  determined  as  in  the  case  of  organic  salts  of  tlieJ 
other  alkalies*     Two  molecules,  or  255,44  parts,  of  lithium  l>en2oat4«i 
yield,  u[x>n  thorough  ignition,  I  molecule,  or  73.87  parts^  of  lithium  I 
carbonate;  henc3e  each  Cc,  j  H^SO,, cajmble  of  neutralizing  0.036935 
Gm.  of  Li.COj,  must  correspond  to  0»12772  Gm.  LiC^HjO^.    i  G^i. 
of  lithium  lienzoate,  after  ignition,  will  therefore  recjuine  7.8  Cc,  " 
HjS<-)4  to  indicate  99.6  jier  cent  of  the  pure  salt;  forO.l  2772X7  8= 
0.996116. 

LrrnriTM   Bromide,     Li  Br.     For  the  nreparation   of  thin  salt 
dilutcci  hydrobromic  acid  may  beneutralizetl  with  lithium  carl)«>uate 
or  the  hmer  salt  may  Im»  agitated  in  a  tlask  with  a  hot  r-  '     *        ^jf 
ferrous  bromidi'.     The  tirnt  methoii   is  probably  the  most  ,|^^ 

Owing  Ut  the  very  .1-  m1<t  (tf  the  salt  it  is  nui  n^dilv 

cry3ta!liz«'<i,  and  is  |k  1  in  gmnular  powder  Hirtti  iX- 

evaporating  the  nolulion  to  drynt^s  on  a  water-bath. 

Lithium  bromide  wnt^iius  about  92  jKtr  ivxiL  of  bromint-,  ti 
proportion  limn  any  other  salt.     It  i$  very  soluble  in  wat<  i 
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alcohol,  aad  also  soluble  in  ether^  and  must  be  carefully  preserved 
ill  well-stoppered  bottles. 

The  salt  is  likely  to  l>e  contaminated  with  lithium  chloride  (due  to 
chlorine  in  the  bromine^,  and  the  Pharmacopi^ia  permits  an  admix- 
ture of  2  per  cent*  of  this  impurity,  as  shown  by  the  official  volumet- 
ric test.  0.3  Gm.  of  absolutely  pure  lithium  bromide  require  only 
34.57  Ct%  y"^  AgX(>3  S4_»luliun  for  complete  precipitatiou,  and  0*3 
Gm*  pure  lithium  chloride  re<^uire  70,79  C<;. ;  according  to  the  rule 
on  page  434,  each  0.3622  Cc.  of  the  silver  solution  us^  in  excess  of 
34,57  C-c.  in  the  official  test  indicates  I  \^y  cent,  of  LiCI  and  0,73 
Cc.  (35.3-34.57=0J3)  divided  by  0.3622  is  equal  to  2. 

Lithium  Cahboxate.  LijCO^.  The  carbonate,  the  pai^eut  salt 
of  tlie  other  lithium  compounds,  is  obtained  from  the  mineral  lepido- 
lite,  a  mixture  of  silicates  and  fluorides  of  potassium,  sodium,  alum- 
inum, and  lithium.  By  digestion  with  sulphuric  acid  impum  lithium 
sulphate  is  obtaintni,  which  is  freed  from  the  other  salts  by  crystalli- 
zation, treatment  with  milk  of  lime,  etc.  The  final  solution  of  alkali 
hydroxides  is  mixed  with  ammonium  carbonate,  whereby  the  lithium 
carbonate  is  precipitated ;  or  the  mixed  alkali  hydroxides  may  be 
converted  into  chlorides,  and  the  solution  then  treated  with  arannH 
nium  carbonate.  For  the  puriK>se  of  purification  lithium  carbonate 
n»ay  l>e  suspended  in  water  and  treated  with  carbon  dioxide,  when 
an  acid  carbonate,  LiHCO^,  will  be  formed  and  enter  into  *ioIutinu, 
upon  heating  whicfi  pui^  lithium  carbonate  will  be  precipitated. 

Lithium  carbonate  is  tlie  lea-st  soluble  of  all  alkali  carbonates, 
and  is,  moreover,  only  a  little  more  than  half  as  soluble  in  IxMling 
water  as  in  cold  water.  It  occurs  m  commerce  as  a  light,  odorless 
powder. 

The  Pharmacopo'ia  ri^juires  that  O.o  (Im.  ofthe  salt  suspeuded  in 
water  shall  neutralize  Ui>t  less  tlian  13  4  Cc,  of  normal  acid,  indi- 
cating at  least  98.98  jier  oi-nt.  of  pure  LijUOj;  since  each  Cc  f 
II^SO.  rajuiree  0.036U35  Gm,  of  the  pure  carbonate;  0.5  Gm.of  the 
official  salt  must  neutralize  at  Iciisl  13.4  Cc. ;  for  98.98  per  cent,  of 
0,6  is  0.4949  and  13.4x0.036t>35=-0.4949. 

LrrHiUM  CrmATE.  LigC^H^Oy.  This  salt  can  be  prefiared  by 
adding  lithium  carbonate  to  a  solution  of  citric  acid  until  the  latter 
is  neutral iztd  and  e%^|>orating  the  liquid  to  dryness,  gradually  raid- 
ing the  T  t.i  115^  C.  (239'='  F),  As  shown  bv  the  equa- 
tion, 211  /^3Li,CO,=2Li,C,HA  ^3CO,4  5HA  4iy 
\M\rU  of  citric  acid  n-quire  22LG1  parts  of  lithium  carbonate,  the 
yield  of  citrate  being  equal  to  the  weight  of  acid  us«l. 

As  shown  by  the  chemical  formula  given  for  the  official  salt,  the 
Pharmacopina  recxignizes  only  the  auhydrou*  salt.  If  the  alcove- 
m^itiotu^l  R>lutiou  \h}  c«jnnrntnitc<I  and  alloweil  to  crystallizr,  the 
ret*u!ting  salt  will  have  the  furmrrla  Lij,C,JI/)y  !-4H/),  and  cH^ntaiii 
25,5  p<*r  ^ne-nt.  of  water  of «  ryst;iIitzntion,  oni'-fourth  of  which  cannot 
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be  eliminated  at  a  temperature  of  a  boiliDg  water-batfa  ;  this  is 
salt  recognized  in  the  British  Pliarmaeopceia, 

Both  the  anhydrous  salt  io  powder  form  and  the  crystallizei] 
occur  in  commerce. 

Since  3  molecules  of  lithium  carbonate  invariably  yield  2  ttkol^ 
cules  of  the  normal  citrate,  so  inversely  2  molecules,  or  419.14  parts, 
of  lithium  citrate  will,  upon  ignition,  yield  3  molecules,  or  221,61 
parts,  of  the  carbonate*  In  tlie  official  method  of  valuatioti 
lithium  citrate  the  alkaline  I'esidue  left  after  ignition  of  I  Om. 
the  salt  is  required  to  neutralize  at  least  14.2  Cc.  of  normal  iici 
showing  not  less  than  99.2  per  cent,  of  anhydrous  citnite^ 
Cc.  y  H.SO^  requiring  0.036985  Gm.  Li^CO,  for  satnratiou 
spouds  toOJ)r)985G6Gm.  Lij,C^H A  «n<^l  14.2x0.0098566=0.99196. 
which  is  equal  to  9i».tJ  pr  cent,  of  1  (Jm. 

Effervescent  Lithium  Citrate.     Tlil^  piv|niniLM>n  cio^^*  «<: 
oontain  litlnuni  citrate  in  the  finished  product,  but  the  m\t   is  b 
tended  to  be  formed  when  the  official  powder  is  dissolved   in  water; 
it  is  simply  a  mechanical  mixture  of  the  ingredients  ordertxl    bv  lJ>e 
Pharmacopceia.     The  amount  of  citric  acid  ordered  in   tlie  o^eial 
formula  is  sufficient  to  decompoiH'  Ijoth  the  lithium  and  sodiiin]  ear 
bonates,  leaving  at  the  same  time  a  slight  excess  of  free  acid,  \rhi 
amounts  to  about  7,7  Gm,  in  the  total  finish«l  product,      K2K*Ii  Gr 
of  the  effervescent  powder  will  yield,  u^>on  .solution,  0.132  Gm. 
anhydrous  lithium  citrate. 

The  amount  of  sugar  recjnired  in  the  preparation  will  depend^  in^ 
part,  uiM>n  the  loss  of  weight  in  drying  the  citric  acid  as  directed   by 
the  Pharmac«>pa?ia, 

The  powder  must  be  preserved  in  a  dry,  cool  place* 

Lithium  Satjcylate,    IJC^HaO,.     This  ?alt  may  be  premu 
by  beating  a  mixture  of  44  jjarts  of  salicylic  acid,  12  |mrts  of  litliiuf 
carbonate,  and  lOO  jiarts  of  water  until  elfervescence  ceases ;  it  is  %ht 
filtered  and  the  solution  evajxirated  to  dryness.     As  in  the  cmee 
sodium  siilieylate,  a  .*light  excess  of  acid  is  necessary  to  avoid  dia 
coloration  of  the  finished  product,  and  contact  with  metal   rnii^t 
can^fnlly  avoided. 

Ujjon  ignition,  2  molecules,  or  287,36  parts,  of  lithium  saltcjrli 

yield  1  molecule,  or  78.87  parts,  of  the  carlxjnate,  and  each  Cc,  of 
normal   acid    neutralized    bv   the  alkaline   residue   correspoiKk   fo^ 
ai43(58  Gm.  LiC^.H.o,;  ViA  Cc,  }  H.SC)  will  therefore  l»er«quirr<l 
to  inditiite  \)\K\  nt.  if  2  Gm.  of  the  salt  be  used,  as  diredtd 

in  the  otiiriul  \  ir  test. 


CHAPTER    XLIII. 


THE  COMPOUNDS  OF  AMMONIUM. 


Although,  thus  far,  all  efforts  to  isolate  the  basylous  radical  of 
ainmoniuin  salts  have  failed,  the  existeuce  of  the  hypothetical  body 
XHj  must  be  assumed,  as,  without  it,  it  would  \ye  impossible  to  ex- 
plain the  formation  and  com[K)sitiou  of  a  large  and  important  class 
of  com]X)unds  in  acconlance  with  accepted  modern  views  regarding 
the  replacement  of  hydrogen  in  acids.  The  decomposition  of  sodium 
amalgam  by  means  of  ammonium  chloride,  resulting  in  the  produc- 
tion of  sixlium  chloride  and  a  new  spongy  amalgam  having  a  metallic 
lustre,  |)oints  strongly  to  the  metallic  character  of  the  radical  called 
ammonium.  The  indirect  source  of  all  ammonium  salts  is  the  gaseous 
Ixxly  ammonia,  NH3,  which  may  be  looked  upon  as  ammonium 
hydroxide  minus  water,  NH^OH  —  H20  =  NHj;  a  characteristic 
feature  of  these  salts  is  their  complete  volatilization  ui>on  application 
of  heat. 

Tiie  Pharmacopcvia  recognizes  7  salts  of  ammonium,  4  prepara- 
tions of  the  salts,  and  3  solutions  of  the  hydroxide,  as  follows  : 


OmclAl  Enslish  Name. 
AmDionium  Benzoate. 
Auiuionium  Bromide, 
Aminonium  Carbonate, 
Ammonium  Chloridci 
Ammonium  Iodide, 
Ammonium  Nitrate, 
Ammonium  Valerianate, 
Ammonia  Water, 
Strtmger  Ammonia  Water, 
Liniment  of  Ammonia, 
Solution  of  Amniunium  Acetate, 
Spirit  of  Ammonia, 
Aromatic  Spirit  of  Ammonia, 
Troches  of  Ammonium  Chloride, 


Otficlal  Latin  Name. 
Ammonii  Benzoas. 
Ammonii  Bromidum. 
Ammonii  Carbona^. 
Ammonii  Chloridum. 
Ammonii  lodidum. 
Ammonii  Nitras. 
Ammonii  \'alerianaii. 
Aqua  Ammoniie. 
Aqua  Ammoniiv  Fortior. 
Liuimentum  Ammonite. 
Li(|Uor  Ammonii  Acetatis. 
r^piritus  Ammonia;. 
Si>iritus  Ammonia'  Aromalicus. 
THKrhisci  Ammonii  Chloridi. 


Ammonum  Benzoate.  NH^CHjO..  When  benzoic  acid  is 
added  to  diluted  ammonia  water,  the  acid  is  neutralized  and  ammo- 
nium l)en/oate  is  formed,  which,  remaininj^  in  solution,  may  be 
«.)l)tainiil  in  colorless  crystals,  if  the  liquid  be  wncentrated  by  aid  of 
a  nunlerate  heat  and  set  aside.  As  ammonium  salts  are  readily  de- 
i-<)in|>o.seil  by  heat,  the  liquid  should  l>e  kept  alkaline  by  the  occa- 
sional addition  of  ammonia  water  during  evaix)ration.  To  prej)are 
10<>  (Jni.  of  the  salt  requires  87.75  Gm.  of  wnzoic  acid  and  123 
Gill,  nf  official  ammonia  water. 

Ammonium  Bromide.  NH^Br.  Decidwlly  the  l)est  method  of 
pn?parinj;  this  salt  is  by  double  decomiH>siti<>n  between  boiling  hot 
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concentrated  solntious  of  ainmouium  sulphate  and  ]K>tadsiuiu 
raide,  when,  upon  cooling,  the  newly  formed  potassium  8ulphale  i 

firecipitated,  while  animoniura  bromide  remains  in  solution.  To 
aciUtate  the  removal  of  the  potassium  sulphate,  alcohol  is  asu&Ily 
added  to  the  cool  liquid.  The  salt  may  be  obtained  in  granular  form 
by  decanting  the  solution,  concentrating  it,  and  evaporating  to  dnr- 
ness,  with  constant  stirring. 

Ammonium  bromide  may  also  l>e  obtained  quite  pure  by  heating 
in  a  retort,  on  a  sand-bath,  an  iotimate  mixture  of  potassium  bro- 
mide and  dried  ammonium  sulphate,  and  subliming  the  vapors  of 
ammoninra  bromide  in  a  suitable  condenser. 

The  Pharmacopoeia  demands  that  not  more  than  1  per  c^nt,  of 
ammonium  chloride  shall  be  present  in  the  official  saltj  by  directing 
that  0.8  Gm.  of  it  ^hall  require  not  more  than  30.9  Cc.  of  deeinormu 
silver  solution  for  precipitation.  Since  0.8  Gra.  of  pure  NH,Br 
require  30.7  Cc.  ^  AgNO^  solution  and  0.8  Gra.  of  pure  NII^CI 
re<|uire  56.2  Cc.,  the  uBe  of  30.9  Cc.  really  iudicatea  a  trifle  less  than 
1  per  cent,  of  chloride  (about  0.78  per  cent,);  but,  for  all  practical 
purposes,  it  may  be  assumed  to  be  1  per  cent. 

Ammonium  Carbonate.     NH^HCOjNH^NHjCOj.     As  sbown 

by  the  chemical  formula,  the  official  salt  is  not  the  normal  c^arbonate, 
which  would  have  the  comptjsition  (NH^jXtJj,  but  is  a  mixture  of 
acid  ammonium  carljonate  and  ammonium  carbamate.  It  is  obtained 
on  an  extensive  sc^le  by  heating  ammonium  chloride  with  au  excess 
of  chalk  and  condensing  the  resulting  vapors  in  leaden  chambers; 
it  is  afterward  resublimed.  The  dec*om position  is  aocompaniecl  hy 
the  splitting  off  of  ammonia  and  water ;  hence  the  cx)mpo8ition  of 
the  sublimate,  as  given  in  the  Pharmacopceia :  4NH4CI  -j-  2CaOO. 
=  NH,HCO,NH,NH,CO,  -f  2CaCl2  ^  NH^  -h  HA 

.The  commercial  ammonium  carbonate  is  usually  acX!ompanied  bj  i 
empyreuma^  to  which  its  peculiar  tarry  odor  is  due*  and  for  pharma- 
ceutical purposes  only  the  purified  article  should  be  employed. 
Owing  to  the  rapid  deterioration  of  the  salt  under  exposure  to  air, 
by  the  loss  of  both  ammonia  and  carbon  dioxide,  it  should  be  pre- 
served in  tightly  closed  bottles,  the  best  container  being  a  wide- 
mouth  fruit  jar  provided  with  a  rubber  ring  and  metal  clasp  for 
hermetically  sealing  the  glass  top.  Only  firm  translui^nt  pieces  of 
ammonium  carbonate  should  be  used,  as  the  opaque  friable  condition 
is  indicative  of  chemical  change  causing  the  conversion  of  the  salt 
into  acid-  or  bicarbonate. 

When  the  official  ammonium  carbonate  m  dissolved  in  water  it  b 
converted  into  the  so-atlle<i  sesquicarlionate,  a  mixture  of  add  and 
normal  carbonate;  thu^,  NII.HCAXII.NH.CO.+H^O-NHJIOOl 
(NHJ2CO3.  The  Pharmucopteia  i^equircs  that  the  official  salt  shall 
be  absolutely  pure,  and,  in  the  volumetric  valuation  witb  normal 
•dd,  2.613  Gm,  are  recjuirt^d  to  neutralize  50  Cc.  fH^SO^.  The 
tnt  can   Ix?  explaine<l  us  fijUows:  Up^n  S(ilution  in  water,  as  pris 
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moSSIy  stated,  15G.77  |»arti*  of  the  official  carbonate  are  changed  to 
^174.7^  jMins  of  the  mixed  acid  ami  normal  carbonates,  which  are 
d0eoiu|>o§ed  by  the  sulpburic  acid,  forming  ammonium  sulpliate  with 
dimination  of  carbon  dioxide  and  water,  as  shown  by  the  ibUowIng 
eo nation  :  2(NH4HC05  -r  (NH,),CO,)  +  3H^0,  =  »(NH,),SO,  -f- 
4CO^  — 4H2O*  Since  349.46  parts  of  the  mixed  earbcmates,  repre- 
senting 313.r>4  parts  of  the  official  carl>onate,  can  neutraliite  293.46 
girts  of  absolute  sulphuric  acid,  each  Cc.  yH^^SO^  containing  0,048U1 
m,  H^SO^,  nujst  correspond  to  0.05226  Gnu  of  the  official  carbo- 
nate (for  293.46:313.64:  :  0.04891  : 0.05226)  and  2.613  Gm.  of 
the  official  salt  must  neutralize  50  Cc.  of  normal  acid,  because 
2.61 3-- 0.05226  is  ecjual  to  60, 

A^iMONiUM  Chloride.  NH^CI.  Crude  ammonium  chloride  is 
obtained  by  neutralizing  the  ammoiiiac^al  gas  liquors,  condensed  in 
the  preparation  and  purification  of  illuminating  gas  from  coal,  with 
hydrochloric  acid,  evaporating  the  solution  to  dryness  and  sub* 
liming  the  salt  in  iron  vessels.  This  product,  being  usually  con- 
taminated with  iron,  is,  for  phai-maceutical  purposes,  purified  by 
adding  ammonia  water  to  a  hot  solution  of  the  salt,  filtering  to 
remove  the  precipitated  ferric  hydroxide,  and  evaporating  the  filtrate, 
with  constant  stirring  so  as  to  form  a  granular  powder. 

AiiMoxioi  Iodide.  NH^I.  This  salt  is  most  conveniently 
ptt*pare*l  by  double  decomjKJSition  l)etweeu  potassium  iodide  and 
ammonium  sulphate  dissolved  in  a  small  quantity  of  boiling  water; 

!  w  hen  the  mixture  has  cooled,  alcohol  is  added  to  insure  a  more  per- 
fett  sejiaration  of  the  newly  formed  potassium  sulphate,  and  the 
solution  of  ammonium  iodiae  is  filtered  and  evaporated  to  dryness, 

[Constantly  stirring.    The  reaction  is  as  follows :  2Kl-f  (NHJjSO^^ 

Ammonium  iodide  must  l>e  preserved  in  tightly  stoppered  dark 

bottles,  as  it  is  very  hygroscopic  and   is  readily  decomposed  when 

|expoaed  to  air  and  light.     As  the  Pharmacopoeia  directs,  the  salt 

'diould  never  be  dispensed  ailer  it  has  become  deeply  colored,  but 

may  be  restored  to  its  original  condition  by  dissolving  in  as  little 

water  as  pcosible,  adding  solution  of  ammonium  sulphide  until  the 

loolor  is  discharged,  then  filtering  to  remove  the  precipitated  sulphur 

iBod  evaiK:>niting  on  a  water-lmth  to  dryness.     The  ammonium  sul- 

ipbtde  aclditl  undergues  decxjmposition,  uniting  with  the  free  ioiline 

to  form  ammonium  iodide,  while  sulphur  is  precipitated  at  the  same 

time;  thus,  (NH,VS-f-I,^2XHJ^S. 

The  official  test  for  the  presence  of  ammonium  bromide  and  chlo- 
ride deiieuds  ujmu  the  very  sparing  solubility  of  silver  iodide  in 
water;  nent^  any  turbidity  or  precipitate  prtnluoe*!  in  tlie  ammoniaeal 
filtrate  upon  the  addition  of  nitric  acid  must  be  due  to  the  presence 
of  silver  Wmide  or  chloride.  If  the  ammonium  iodide  V»e  absolutely 
pure,  I7JJ  Cc,  y^  AgXO,  solution  %vill  suffice  for  complete  precipi- 
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gns  into  water  ;  \vh**n  made  hy  this  process  the  sc»lutioD  generally  ia 
less  pure,  \mi\^  at-ec^mpauied  by  empyreuraa, 

Amiutmia  gas  is  very  soluble  in  water,  which,  at  0°  C.  (32^  F,), 
is  capable  of  taking  up  1050  volumes  of  the  gas,  tiuJ  even  at  15*^  C. 
(59°  F.)  retains  727  volumes  in  solution.  The  otfieial  ammonia 
water  contains  abiiut  125  volumes  of  gas;  that  19, 1  Cc.  holds  125  Ca 
of  ammonia  gas  in  solution. 

Diftercut  grades  of  strength  of  ammt>nia  water  are  found  in  com- 
merce, of  which  that  desiguatefl  as  16**  corre^jHrnds  to  the  official 
lU  per  cent,  solution  ;  but  it  must  be  Ix^rne  in  mind  that  ammonia 
water  is  apt  to  <leteriorate,  by  loss  of  ammonia  gas»  when  kept  in 
Im^sely  stopjjereil  vesfsels,  such  as  carl>oy9,  espeinally  if  stored  in  u 
warm  plaa\  Ammonia  water  should  lie  preserved  in  ghiss-stopiiered 
bottles,  although  sound  c<>rks  nmy  l>e  used  if  not  allowed  to  come  in 
ontact  with  the  liquid,  by  covering  with  prepared  bladder,  as  smnit 
irticles  of  cork  allowed  to  fall  into  the  liquid  soon  impart  a  yel- 
J  wish  color  to  the  same. 

Ammonia  water  is  commonly  known  as  njnrif  of  hartshorn  ;  in  tlie 
British  Phanna<x)|Reia  it  is  rccoguizitl  as  mtnlion  of  ammonia^  and 
in  the  (fcrmau  Ptiarmacojxi»ia  as  sohttion  t^f  ettmfic  fnnmonia. 

The  strength  of  ammonia  water  is  deiermine<l  by  titmtion  with 
normal  acid,  each  Cc.  of  which  n^Kjuires  0  01701  Gm,  NH^  for 
ij*  *  ition  ;  hence,  if  3.4  Gm.  of  the  water  Ix?  used  for  the  test, 
a>  Ay  dirtrteil,  20  Cc.  f&.SO^  should  l^  necessary  to  prmluce 

a  ueutnil  S4»Intion,  indicating  the  presence  of  10  percent,  of  ammonia 
gas;  for  10  per  cent  of  8.4  is  0.34,  ami  0.01701x20=0.342. 

Sthoxgkr  Ammcinta  Water.  This  preparation  diflers  from  the 
prei*eding  only  in  strt*ugth,  cHintainitig  28  per  cent  by  w<nght  of 
ammonia  gas,  and  is  |in-par*tl  in  a  similar  manner,  except  that  the 
gas  must  Ik*  amductttl  into  the  mid  water  for  a  longer  period  of 
time,  S4j  that  a  gn-ater  amount  may  Ix*  ab84:»rl>ed. 

8trong(»r  ammtmia  water  is  tjot  usjwl  in  metlicine,  but  has  been 
found  a  very  convenient  source  of  supply  for  small  quantities  of 
pure  ammonia  gas,  by  simply  hc*ating  in  a  flask  provided  with  a 
deli  very -tul^^e,  and  for  this  purjiose  haj*  l»een  oHicially  re<:?ognize<L  It 
can  alH>  Ije  employed  for  the  maoufiicture  of  weaker  si»lution9  uf 
ammonia,  which  can  be  prejianinl  of  any  des^in^l  strength  by  diluting 
tlie  stronger  ammonia  water  with  plain  water  in  propT  proportions  by 
weight,  as  explained  on  jiage  tJO.  On  at^ctnmt  of  the  readiness  with 
which  all  solutions  of  ammonia  part  with  the  gas  u|xm  an  elevation 
of  tcn»ixTature,  care  should  be  exercised  in  o|H^ning  l»ottles  cuutain- 
iog  »tr«Migcr  water  of  ammonia,  as  serious  a<**idciits  have  lieea  kutAvu 
to  txvur  from  the  ^udilen  expulsion  of  the  liquid  ujK>n  loosening  the 
itoptHT,  due  to  an  ac<?innulation  of  gas  in  the  vi^scl. 

The  (H)mmt  rcial  grade  known  as  26®  ammonia  water  c?or respond* 
to  the  ollicial  stronger  j^olution*  It  should  be  purchaseil  only  in 
gIa>«*stop|M*rei{  bottli^  anfl  preserved  in  a  cool  place* 
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to  the  official  rormula,  hy  dis.s()lv!tig  5  Gm,  of  ammouiiiiLi  ttirbonate 
(ill  firm  piixx!S)  m  1(X>  Cc.  of  diluted  acetic  acid,  the  finished  product 
will  contain  0.073  +  Gni.  of  ammonium  acetate  io  each  Cc.  (about 
33  gniins  in  each  fluidounce),  together  with  a  trifliuja:  amount  of 
acetic  acid  ;  to  the  latter,  a^  well  as  to  the  carboo  dioxide  remain- 

|iiig  in  solution,  the  |ili*a^nt,  refreshinL^  ta^te  of  the  preparation  is  due. 

|100  C\\  of  diluted  acetic  acid  contain  6.048  Gm.  of  absolute  acM.^tic 
c*id,  of  whidi,  according  to  the  equation,  NH^HCOjNII^NH,COj 

V  3HCjH,0,=  3XH,C,H A +  H,0  +  2CO,,  5.7274  Gm,  are  re- 
quired tr>  saturate  5  Gm,  of  ammonium  carbonate. 

The  following  unofiiclal  salts  of  ammonium  are  sometimes  used  : 

Ammoxium  Bicarbonate.     NII.HCOj.     This  salt  has  already 

Wn  mentioned)  in  connection  with  the  official  carbonate,  as  the 

white  pulverulent  decomposition-pnxluct  obtained  when  the  oflRcial 

salt  is  exposetl  to  air.     It  may  be  prcparttl  either  by  treating  official 

Lammonium  carlxjuate  with  twice  its  weight  of  water,  when  the  car- 

rbamate  will  be  dissolve<i,  leaving  the  acid-  or  hi  carbonate ;  or  the 

[official  salt  may  be  kept   for  two  week?*  under  a   l>ell -glass  over 

f|!ulphuric  acid  and    lime,  when  the  carbamate  will  be  decomposed 

into  carbon  dioxide  and  ammonia^  which  are  absorbed  by  the  acid 

I  and  lime,  leaving  the  bicarbonate  as  a  friable  mass.     When  perfectly 

Idry,  ammonium    bictirlK>nnte  is  free   from  ammoniac^d  odor ;  it  19 

re4)iuble  in  8  jwirts  of  water  at  15**  C,  (59**  F.),  but  ia  insoluble  io 

I  alcoliol. 

Ammoxu  M  Citrate.  (XH^)jC^H50,.  This  may  be  prepared 
by  neutralizing  a  solution  of  citric  acid  with  ammonium  carbonate 
or  ammonia  water  and  carefully  evaporating  the  solution  on  a  water- 
bath,  adding  a  little  ammonia  water  from  time  to  time,  as  the  salt  is 
li^adtly  decomposed.  100  Gra.  of  citric  acid  require  for  neutraliza- 
tion either  74.88  Gm.  of  ammonium  carbonate  or  243.58  Gm,  of 
ten  |)er  cent,  ammonia  water,  yielding  124,50  Gm.  of  a  m\i  of  the 
above  composition. 

AKMONruM  Peo8PiL%TE,  (NHJ-RPO^.  The  British  Pbarma- 
.  oo|xeia  din*ct8  this  sjdt  to  lie  prepjire^l  I>y  ad<ling  stronger  ammonia 
J  water  todilute*!  phosj^horic  acid  until  a  slight  alknlin*?  reaction  en.^Ui'S^ 
Uhrn  evaiKjrating  the  tKjIution  with  oc<^isionnl  addition  of  ammonia 
Urat&^  ancl  mnting  the  Ii4uid  aside  s<>  that  crystals  may  form,  which 
lie  ijuickly  dried  on  |iaper. 

AjkfMONTr M  S  A 1 1  r vj^TE.     N  H/^^H ^O,.     Tins  may  he  prt»pare<lp 

like  tliccorr'  i  fM>taA*tnm  salt,  by  ueutmliiting  salicylic  acid 

.witli  the  alkuu  v^irumate  and  ciirefully  evaporating  the  Holulion  to 

Irync^s.-^      100  parUt  of  salicylic  acid  re«pure  37AH)  jiart**  of  tlie 
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CHAPTER    XLIV. 

THE  COMPOUNDS  OF  BARIUM,  CALCIUM,  AND  STRONTIUM. 

The  compounds  of  these  three  metals  used  in  pharmacy  are  com- 
paratively few  in  number^aDd  may  be  conveniently  grouped  together. 
Wliilo  there  is  but  one  official  compound  of  barium,  the  Pharmaco- 
poeia recognizes  ten  com|>ounds  of  calcium  and  seven  preparations  of 
the  same,  but  only  three  com|>ounds  of  strontium.  The  following 
list  embraces  all  that  are  officially  recognized  : 


Official  EriRlisb  Name. 
Barium  Dioxide, 

(  ulciuni  Bromide, 

Precipitated  Calcium  Carbonate, 

Prepareil  Chalk, 

Calcium  Chloride, 

Calcium  Hy|)ophosphite, 

I*recipitnte<l  Calcium  Phoisphate, 

I)rie<l  Calrium  Sulphate, 

Lime, 

Lime  Liniment, 

Chlorinateil  Lime, 

Sulphurated  Lime, 

Solution  of  Lime, 

Syrup  of  Lime, 

Syrun  of  (  alcium  Lactophostphate, 

Chalk  Mixture, 

(  impound  ( 'halk  Powder, 

Tn>cne»  of  Chalk, 

Stn»ntium  Bromide 
Strontium  IcKiide, 
Stnmtium  Lactate. 


omcial  Latin  Name. 
IWii  Dioxidum. 

Calcii  Bromidum. 

( 'alcii  (  arbonas  Pnccipitatus. 

Creta  Pneparata. 

Calcii  Chloridum. 

Calcii  Hypophosphis. 

Calcii  Phosphas  Pnecipitatus. 

(  alcii  Sulphas  Exsiccatus. 

Calx. 

Linimentum  Calcis. 

Calx  Chlorata. 

Calx  Sulphurata. 

Liquor  Calcis. 

Syrupus  Calcis 

Svnipus  Calcii  I^ACtophosphatU. 

Mistura  C'reta;. 

Pulvis  Cretie  Compositus. 

Trochisci  Cretw. 

Strontii  Bn^midum. 
Stnmtii  lodiduoi. 
Strontii  Lactas. 


The  Compounds  of  Barium. 

Bakh'm  Dioxide.  BaOj.  This  coni|>ound  is  of  interest  because 
it  is  used  in  the  preparation  of  solution  of  hydrogen  dioxide  intended 
for  mtilicinal  use.  It  is  obtained  by  ))assiug  a  current  of  air  over 
barium  oxide  heated  to  alnnit  450°  C.  (842°  F.),  when  another  atom 
of  oxygen  is  taken  up  and  the  dioxide  produced.  The  anhydrous 
connnorcial  dioxide  is  recognized  in  the  Pharma<'OjKeia,  which  must 
contain,  however,  not  li>8s  than  80  per  c(mt.  of  pure  BaOj.  The 
valuation  is  made  by  determining,  with  |>otassium  |)crmanganate, 
the  (juantitv  of  hydrc^n  dioxide  produced  from  a  given  weight  of 
barium  (lioxi<le.  The  equation,  BaOj  t  HsPO.  =  BaHPO.  -  HA» 
shows  that  one  molecule,  or  1G8.82  parts,  of  barium  dioxide,  when 
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tr*at^5  -rf-i  ph-.ftjfr.-.rl-:-  a..:«i.  jf-rld-  .!:^  rn'ileiil-r.  r  33.92  part?,  of 
hv^lr  <s:*-r.  !>,x:*i-.  an-i  ^:n«>-  1  O:.  J!.  ILMn*.*,  5«-'r:r:'Xi  r^|airv«.  for 
rr.cipi-tfr  i^.i/l  .ritiiE.  O-'yi^i^.^r-  Gc:.  H.«A.  i»  *i:-:wn  on  poze  4m7, 
;t  :*'/->7i*  -.la:  -^r*  C:.  ?-•  •i-^>jl'.rzg«i  -^11  rrT«p«-»G-i  to  0.r"r'S441 

Ir.  r:.*r  ^.'ial  :^t.  2.11  G=i.  :.ar::i:]i  d:-  xii-r  arir  d:5e..-lv^l.  with 
tr*-=-  a>'i  •.:'  T.-S  Cc.  ■•:'  ph'>ft'>ri-  a*.:-].  In  i;:~-^'-ci  i'-e-i^Id  crater  to 
rr^ke  iS  Co.  or  s-.Iriti.D.  an'i  r  ■  o  C-.  •:•:'  ::.-•  ?*:Ir:ti:»D.  rep  r^-i^n  ting 
O.-iii  Gn.  BaO^,  d»=:*;:R':'rc:iil  p:.tL*s:-jc:  f-rni-anianaie  solution  « 
ad'l^d  rrorn  a  r,fsr»^ttr  iinz'l  a  f-rrmanier;:  pink  :"n:  i*  prrNJoi?«l.  A* 
farrf*  O:.  A  KMnO.  -<JKt:'>a  prpr^a-rnrs  «j.«»S441  Gm.  Ba<">^  40  Co. 
will  y^  B^.fr«Tarv  v,  -h-jw  ^0  p*r  c*nr.  of  p':r»r  Bi<>.  in  •>.4i!2  Gm. ; 
tor  ¥)  p^r  r-eni.  of  0.4i"2  i-  aOST^  ard  •>.«»^441  -  40=  0.3;37«>4. ' 

h^Txnm  'lioxM^  muft  i^  preserved  in  ti^Ltly  i.-I.rr^  v^^^seU  to 
prt-.v^ui  th*r  aFy?..rjiiioQ  vf  moisture  and  i.^rbi^n  dioxidr  irom  the  air. 


The  Compounds  of  Calcium. 

(.Mj.iryt  Br'^mide.  CaBr.  The  ?imp:tr?t  meth.id  for  the  prep- 
aration of  ihi*  -alt  i-  the  ^^lution  -tf  <-dl'  iiini  carbonate  in  hvJn^- 
brorni':  ar.id,  an  ♦rxc-Hs-i  of  tlie  former  hieinj  aiKIed.  the  mixtur^r  filtered 
wh'-n  frtf'HTXfrsfHnff:  ha.'-  '.-•-a.'^l  an«l  the  'Mjlutl«»n  evaporated  to  drv- 
ne^ ;  a  whif-  {rranular  p<jwder  ii  thu?  Mhraini:^!.  which  is  verv  deli- 
qri'-^-^'fit,  and  njii-it  t^e  pre??*irrve«I  in  tiirhtly  -t^pperwl  lK»ttles. 

TJ.e  Pl;ariiia'"i^fr:a  'Ionian'!*  pra*  ti' a!  !y  a  I  »-*  •lute  purity  for  this 
.i?alr.  tiV  -tat.n^'  tha':  '>.2o  rrin.  -Lall  r»«jriir^  il'}  CV.  deL'in<.»rnial  silv»*r 
•-/l«jti'^n  t'lf  '-i^rnjil't'.-  pr'-»ipitiit:'.'rj.  Tliv  »-'iULxt:«jn.  CaBr^  —  2AirXl>- 
=  2A;.'Br  ^'a  N'  >,  _.  -Ij^w-  that  lV^i^4">  part-  of  t-aloium  bromide 
r'ro'.in-  -i'i'.vl';  prirt-  •>!'  -ilv»r  nitnit*-.  li^rnv  '2'j  Co.  v!,  AijXOj  solu- 
rion  •■  .11  |»n''';|iifar«  ",:i4'.*'J>7o  Gm.  GiiKr^,  whioli  is  *J9.7  per  c^nt. 
of  0  2r,  G:.'.. 

Pf:K'  ii'ifAiKi'  Gai>  HM  <\i:i:MNATf:.  Car(  )j.  This  salt,  jxipu- 
jjirlv  k:j  iV.ri  a-  pr»':|iitat»d  -Ijalk.  i*  pr»j«ai»il  |»y  double  lUvi^miko^i- 
tion  \i»x\\*-*ii  'al'i'jfii  'liloriil*-  ami  MMJimn  •arlH»n:Ue;  soluti*ins  of 
tli»-  T  '. r>  -air-  ap-  ruix"!  :ind  li»at'-«l,  wlivn  4-:tl'"iimi  «?arlHinate  is  thrown 
do'.vn  a-  a  •!•  ri--  pn-*  i|»itai<-  ulill"  -iHJiiuii  rlil.irid»»  remains  in  solii- 

tl'iii.     T'u*'  (\tfi,imn,^\ut,u   may   U-  iihi-t]at»il  a?   follows:  CaCI. 

Nsi I  O^  r.'iCO,  I'Nari:  to  prm«v*'  tin-  SNlium  chloride  the 
mixffir*-  i-  p'.up'l  on  a  -lrain»r  ami  tli«-  jut-iipitate  washtxi  with 
boilin;r  wuu  r  until  tin-  v.a^liingr?  no  Inn-vr  in<li.-atc  th»'  pns^^nce  of 
r:hlorinf-. 

If"  ral'inm  *arb'.nat«-  Im-  pp^'ipitatnl  in  tiit-  «N)|tl,  it  is  tlixx'ulent 
anfl  vilnminoii-,  in  wlii'li  'oiiditioii  it  is  <litli<ult  to  wash  it  entirelv 
frt'i'  frofii  tlii-  s«»*li«im  r||]i»rid«',  li«  ih"»*  tli'*  um-  i.flicat  i.-s  advautag^ei.Mis. 
Till'  pp''ipita(«-  «i,n-i-t-  of  a  mi'io-rry-talllri*-  jkiw^Kt,  entin'Iy  free. 
how<*v«r,  from  grittim---. 
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It  is  not  adanted  for  iut4?rnal  use,  but  is  employed  in  the  prepara- 
tion of  f>ther  caidum  com)>ouQdB. 

Prepared  Chalk.  CaCO^,    Tht^  !    -       v 

uniler  the  name  prcf>are<l  ehalk  is  n 
^freed  bv  elutrlatinn  from  most  rrapurttiej*.  Chalk  iKiLTUr^  abnti»Jai)tiy* 
ras  u  8<.ift  earthy  mineral,  on  the  English  cotist,  which,  by  repeati<l 
treatment  with  water,  may  be  gnidoally  free^l  from  impurities  and 
coarser  jmrtielea.  The  pnxies!*  of  eliitiiation  has  been  fully  explained 
on  [Kige  104.  After  colleoling  the  suspended  fine  powder,  the  latter, 
while  8til]  moist,  is  formed  into  small  nodular  masses  by  ineaos  of  a 
funnel  and  tfien  dried, 

Cheniimlly  prejmretl  chalk  does  not  differ  from  the  precipitated 
j_calcium  carb«»nate,  bul,  on  aixiamt  of  its  yrreater  softness  and  adhe- 
Bivene^s.  it  ia  tietter  adapteil  for  internal  administration,  and  is  the 
'feind  of  chalk  used  in  the  official  ehalk  mixture  and  trochee.  Al- 
though it  is  never  so  white,  and  is  prolxibly  less  pure  than  the  pre- 
(^ling  article,  the  latter  should  never  be  u»ed  in  its  place. 

Caixium  CuLORiDE.  OaCI^.  This  compound  is  extensively  oh- 
tained,  in  n  crude  state,  as  a  by-pro»Juct  in  diffen^nt  chemical  pro* 
cesses.  It  may  be  obtainiHl  pure  citljer  l)y  dissolving  pure  calcium 
ciirlKHinte  in  pun*  hy<lnTchlorir.  acid  or  by  dissolving  ordinary  chalk 
ov  marble  in  hydnH*hlorit^  acid  and  freeing  the  s«»lutit>n  from  iron 
and  other  impuritiei?t  by  treatment  with  ehlorin*'  and  sui>?*«^iuently 
milk  of  lime;  the  mixture  is  warmed  and  filtered,  the  filtrate  being 
finally  exactly  neutrali/.ed  with  hydroc^hloric  acid. 

If  a  concentrated  solution  of  calcium  chloride  be  set  aside  to  crys- 
tallize, a  salt  of  the  ix>mposition  CaCL  +  OH.O,  containing  nearly 
BO  percent,  of  water,  will  lie  obtained  ;  but  if  the  j^olution  be  evapor- 
^fsterl  until  a  granular  p«>wder  i-esults,  a  very  deliquescent  white  salt 
of  the  composition  CaUl^  +  SH^O,  containing  about  25  per  cent,  of 
water,  is  produced.  The  Pharmacopcpta  nx^ognizes  only  the  an  by* 
irons  salt,  whteh  requires  for  its  prepanition  a  tem|^ierature  aWve 
'^3^  C.  ^),  perfect  fusion  not  ocxnirring  much  below  a  n»<l 

beat,     1  il  siUt  ii*  very  del iquest^nt  and  must  Ix^  preserve*!  in 

tightly  stopiK*n»<1  lM>ttlc«. 

Anhydn>U9  cidinum  chloride  is  emplovitl  in  pharmacy  cldefly  as  a 
de8ir**uting  agent^  while  the  crystallizecJ  salt  is  use<l  as  a  n:^^*nt  in 
inalytieal  chernistr}'. 


salt 
iBction 


CAMirM  IIvFtipHnKpHTTF:.  Ca(l*H/>^)j,  This  salt,  the  prent 
It  of  numerous  other  hypopha^phite?*,  is  prepared  by  the  dirt*ct 
LBction  of  phosphoruH  on  rnleium  hydroxide  in  the  form  of  milk  of 
[lime,  phosphine,  or  hvdrogen  phosphide,  being  generated  at  the  same 
teme  I  3Ca(OH u  -I-  6H,0  +  P,  ^  ;i("a(PH,( KV  4-  iPH,  In  order 
[to  avoid   the  -n  of  the  very  anno\  i  on  sly  in- 

Uaiumable  pi      ^        »    as  far  as  p)S8i[)k%  1  r  back  a^ 
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1858,  advocatwl  the  use  of  partially  oxIcH/akI  phosphoriiH,  |>re|mred 
liy  treating  it  under  water  witli  atmospheric  air,  whereby  tin?  pbos- 
phorus  is  changed  to  a  si>0Dgj  condition  and  combines  mc%n*  rend i It 
with  lirne,  even  at  the  onlinary  teraperatui-e,  hut  preferably  if  the 
mixture  be  heated  to  55°  C,  (131°  F.),  When  the  rea<'tion  lva«t  i^iicd, 
the  mijEture  is  filtenxl,  the  residue  waslu^  with  water,  and  ! '  'ed 

filtrates  evaporated  and  either  grunuhited  or  allowed  to  cr\  - 

Calcium  hypopliosphite  ia  not  hyjrroscopic,  like  the  correH|Kindin^ 
Halts  of  potassium  and  sodium^  and  is  very  nearly  as  soluble  in  ccilO 
as  in  boiling  water.  The  official  salt  slmuld  contain  at  least  99. OS 
per  cent,  of  pure  Ca(PHjOj)3,  which  is  determimKl  with  d*    '  ^^J 

potassium  |>erman^uate  solution,  as  already  explarn(*d  \\\v\  t*. 

sinm  hypophosphite  (which  st-t;).  In  the  official  test,  thi*  iidiiiiiim  of 
sulpliuric  acid  to  the  solution  of  the  calcium  salt  precipitates  calctiim 
sulphate,  lilji^ratin^;  at  the  same  time  bypophonphomus  acid,  wbieli 
is  then  oxidized  by  the  permanganate  solutiim  and  con  vert  <jd  iulti 
phosphoric  acid.  The  reaction^  mav  be  indicait^l  thus  :  50*(  PIT.* XL 
+  5H,80^^5CaSO,  +  lOHPH.O.  and  lOHPH.t  >,  +  8KM064+ 
12II,SV),  ^  lOH.PO,  +  4K,S(),  +  8MnS( ),  +  liilfj ),  from  which 
it  may  be  s^xni  that  12GL3B  parts  of  potas-^ium  per  manga  iiiite  are 
re<pured  to  oxidiace  the  hypophosphorus  acid  obtainable  from  848.:id 
parts  of  calcium  hyp<ipho§[Fhite;  one  Cc.  ^^^  KMnO^  solution  r^jire- 
g|wjnd8,  therefore,  to  0.0021208  Gm.  of  pure  tyPHjOjj)^,  Imiw^  0.1 
Gra.  of  tlie  official  salt,  containing  0,00}jl>(i8  Gm.  (9ati8  per  m*tn,) 
Ctt(PHA)t  will  dcwloriEe  47  Cc,  '    * 


^  KMnU|  solution* 


Precipitated  Caixiium  PiiaspHATE.  (.^(PO,),,  Tricalciutn 
phosphate  may  l*e  obtained!  by  <ligesting  ciilcine<l  bone  with  hvdro* 
chloric  acid,  whereby  aci<l  cahium  phosphate  and  **alcium  ohlrtHdr 
ttR^  formed,  botli  of  which  remain  in  sf»luti<m,  and,  upf>n  a*^  ^  ,*f 

nmmouia,  are  convened   into  tricalcium   phosphate  and  ain  m 

chloride,  the  former  lieing  pret-ipitatetl  an<l  freed  from  the  latter  bv 
rejieated  wasliing  with  water.  The  different  steps  in  the  pro<*e«i  may 
Ik*  illustrated  bv  the  following  equations:  Ca,(  PO/)2  +  ^HCI  = 
OiH,fPO,)j  +  2CaCl,  and  CaH,(POA  +  2CaCI,  +  4NH,t>H  = 
Ca,(PCU  -f  4XH,Ct  4HA  If  the  prettpitaliou  is  effVcrol  in  a 
cold  solution,  the  resulting  prmliict  will  l>e  mom  vobiminous  but  Icsa 
readily  freeil  from  aeiH>mi>anying  impurities  than  if  hoi  solutintis  arc 
used.  Precipitated  mlcium  phosphate  may  also  be  obtained  by  iidd- 
ing  a  solution  of  inlcium  chloride  and  ammonia  water  to  a  j^*  '  ^ 
aodium  pliosphate,  wh*'n  the  folbmuTj  react  ton  will  oocnr- 
2Xn.OlI  J  2Xa,in*0.^r  2NII,C1  -  4X  K 

The  calcium  phosphate  of  1 1  vm\  Pharmacojxi'i  i\ 

that  of  the  United  iStates  and  British  PharmaeopQ?iai  10  ' 

ondary  calcium  phosphate,  CaHPO^,  obtained  by  de<*t>"v  if 

oaldnm  chloride  with  sodium  phosphate;  it  isacri^iG^t  r 

^out   25   per   &m%*  of  water^  having  Urn   turuiula 


THE  (yjMPoryDs  or  calcium. 

Dkied  Calcium  Sulphate.  The  torois^  dried  gypsum  and  cal- 
cined plaster  are  also  applied  to  this  compound,  which  is  obtained 
by  mrefuUy  heatiDg  native  crystalline  calcium  sulphate,  or  gypaum, 
CaSO^  -f-  2HsO>  until  deprived  of  aixuit  thrce*fourths  of  its  water. 
The  heat  must  be  carefully  regulated  and  not  allowed  to  exceed 
105^  C.  (221^  F.),  m  abov«j  thi^  temperature  the  last  portions  of 
water  will  l»e  expelled  and  the  compound  become  anhydrous.  If 
heated  to  2(X>°  C.  (392^  F.),  gypsum  loses  its  (property  of  uniting 
with  water  and  setting  to  a  firm  mass,  thus  becoming  useless  for  sur- 
gical purjKJses. 

The  oftictul  drie<l  gypsum  is  a  powder  coutaining  about  95  per 
cent,  of  calcium  sulphate  and  5  [)er  cent,  of  water.  It  must  In'  cure- 
fully  protected  from  moisture^ 

Lime.  CaO.  Calcium  oxide^  better  known  as  undaked  or  caustic 
lime,  is  obtained  by  calcining  calcium  t^rlxmate  in  suitable  furnat^es 
known  as  lime-kilns.  Oy^ter-shells^  limestone*,  marble,  and  other 
varieties  of  carbonate  are  ut^i  for  the  purpt>s«%  the  tlual  pnxluct 
varying  in  quality  a^x-ording  to  the  source;  for  jdiarmartMitical  and 
chemical  purfKises,  lime  obtained  l>y  calcination  of  white  marble  is 
tlie  most  denirable,  being  less  contaminated  with  impurities* 

Good  lime  occurs  in  hard  but  porous  masses,  which,  upon  addition 
of  half  their  weight  of  water,  become  heate<l,  and  are  c<mverted  into 
a  soft  white  powder,  known  as  slakeil  lime.  The  chanf^e  is  of  a 
cht^mital  nature,  as  is  evidence!  by  the  development  of  heat,  resulting 
in  llie  formation  of  calcium  hydroxide,  thu^;  CuO-- H,0— Ca(OH)j, 
Since  lime,  upon  exjiosure  to  air,  gradually  absorbs  moisture,  and 
finally  carbon  dioxide^  it  must  be  prescTV*xl  in  well*clo9eil  vessels  in 
a  dry  place.  Lime  thu*^  cimnijixl  by  exposure  is  called  air-slaked 
lime. 

Lime  is  used  !u  pharmacy  as  a  delml rating  agent  and  for  the 
prepanitimi  of  the  otKcial  iH»luticm  and  syrup  of  lime.  When  slaked 
and  mixed  witli  five  or  six  times  its  weight  of  water  it  forms  a  mix- 
ture known  as  milk  of  lime. 

Chi^rixatkd  Lime.  This  compound,  which  owes  its  value  en- 
tirely to  the  ammiut  of  available  chlorine  it  contains,  is  prepared  by 
ex|Kising  slaked  lime  to  tlie  action  of  chlorine  gas.  The  views  hdd 
by  chemists  regarding  the  nature  of  the  compound  formed  differ,  and 
the  question  ha*i,  at  the  present  day,  not  yet  l)cen  settleil.  Some 
contend  that  tTjih  iuin  hvfioihlorite,  calcrum  chloride,  and  wat<^r  arc 
producHNl,  n  I  nation  2ra(OH ),  +  CI,  =  Ca(CIO ),  + 

CaCL  +  211  -  n.^jrard  the  dry  pnjdu(*t  as  having  tJic 

c*iunposition  CaOUlj,  or  CaL'IOCI,  whi«*h»  U|»*in  the  addition  of  water, 
breaks  u[)  into  ctdcium  hypochlorite  and  i'hh>ri<le.  The  preponder- 
ant of  opinion^  at  pn^cnt,  \»  in  favor  of  the  latter  view,  partly  be- 
c^UMe  the  riche**t  commen-ial  '      of  chlorinahn!  lime  or  l»leaehing 

jiowder  tliun  fiir  protlucsod  do  lain  th^  projHirtiou  of  available 
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chlorine  (about  49    per  rent.),  which   the  comDound    C^ff^\f\\     ■ 
CaCl,  +  2H,0  should  yield.  ^  ^a^^lVJ),-r 

The  term  -  chloride  of  lime,"  usually  applied  to  this  substance  in 
commerce,  is  a  misnomer,  probably  given  to  it  long  before  the  chem- 
ical nature  of  the  manufacturing  process  was  understood 

Chlorinated  lime  always  contains  some  calcium  hvdroxide 
which  its  i>artial  insolubility  in  water  is  due.  It  should  ahvavs  be 
kept  111  a  cool,  <lry  place,  and  pn^tected  from  light,  since  the  latter 
has  a  deleterious  effect  u|>on  it,  causing  a  loss  of  chlorine  and  oxvwn 
with  production  of  calcium  chlorate  and  chloride.  If  of  eood  qiialitv 
chlorinatefl  lime  is  not  deliquescent,  the  latter  phenomenon  indicating 
decomposition.  » 

Solutions  of  chlorinated  lime  should  always  be  prepared  without 
heat,  by  triturating  the  iK)wder  in  a  mortar  With  successive'  ix>rtions 
of  water  and  rapidly  filtering  through  paper  or  cotton. 

The  Pharmaco|xeia  re<iuires  that  the  official  product  shall  contain 
at  least  35  i)er  c^nt.  of  available  chlorine,  which  may  be  determined 
as  in  the  case  of  chlorinated  soda,  by  treatment  with  hydrochloric 
aci<l  and  |K)tassium  iodide  and  suKse<)uent  titration  of  the  liberated 
iodine  with  sodium  thiosulphate.  When  hydnx^hloric  acid  is  addeil  to 
chlorinateil  lime,  the  following  deci>mjK>sition  takes  place  -  ''^Ca(  PIO^PI 
or  (Ca(ClO),  +  C^aCI,)  +  4HC1  =  CI,  +  2CaCL  +  211JO.  The  ac- 
tion  of  nascent  chlorine  on  potassium  iodide  has  been  explained  on 
page  409,  and,  from  the  amount  of  dei-inormal  sodium  thiosulphate 
solution  used  to  decolorize  the  iodine  solution,  the  weight  of  liberated 
chlorine  can  Ik'  c-ahnlated.  Ea<-h  TV.  ^^^  NajSjOj  solution  corre- 
sjiouds  to  0.<>0o.")87  Gm.  of  chlorine,  therefore  35  Cc.  will  be  ne^Y'4- 
sarv  to  indicate  0.1225  Gm.  (35  per  cent,  of  0.35  Gm  ^  for 
O.U)3537  X  35  =  0.123795. 

SuLPiiriiATKi)  LrMK.  The  official  ]>rocess  for  this  preparation 
consi-ts  in  heating  a  mixture  of  70  parts  of  dried  calcium  sulphate 
1(J  parts  of  charcoal,  and  1  j>art  of  starch,  in  a  looselv  covend 
crucible,  to  bright  re<lne>s,  until  a  uniform  gray  color  results.  The 
reactinn  consists  in  the  re<lnction  of  cah'inin  sulphate  to  sulphide  and 
the  fnrniatinn  of  carlnm  inonoxidt*  and  dioxide,  which  escai>e  thus  • 
(  aSC)^  ^  3  ^  ^--^^^  T-  -<  '^1  -  ^'0,.  The  starch  simply  aids  in  the 
rnlnction,  which,  however,  i<  not  «*oinplete,  as  the  tinisheil  pnxlui^ 
contains  inn-liangtd  «-alcium  sulphate  and  rarbou  in  varyiuir  pn.*- 
portions. 

SuIpliiii*:it(Ml  lime,  In-ing  liable  to  dc<'om position  when  exix>sed  to 
air,  nm-it  b"  <arefnlly  pre.-ervtMl  in  air-tight  vessels.  The  official 
article  i*i  requind  in  rontain  at  lea^-t  GO  jkt  <»ent.  of  calcium  mono- 
^ulphidc,  upon  which  the  virtues  of  the  prejwration  de|iend  :  the 
determination  Iwing  made  by  adding  1  (iin.  of  sulphurateil  lime  to 
a  boiling  solution  «»t'  2.ns  (Jni.  of  crystallizdl  cupric  sulphate^  when 
the  cop|M'r  -lionld  i»e  rnniplctely  pnM'ipitate<l  as  sulphide.  The  equa- 
tion. (;uSo^.5lL(>  +  (a.S  ^'CuS  —  (aSo;  -f  5IT,0,  shows    that 


7M. 


MB^  parts  of  crvstalliaKxl  cupric  sniphate  reijuire  71,89  jwirts  of  cal- 
amn  tnonostilplnde,  henttj  2,08  Gm.  will  inquire  0.601  Gm,,  whicli 
18  pmcticnily  60  j>er  cent  of  1  Gm. 

SoLtrriojr  op  Lime.  This  liqiiul,  raore  familiarly  kaown  as  lime- 
water,  is  intentlcKl  to  lie  a  satnniteJ  solution  of  calcium  hydroxiile. 
The  official  directions  for  its  preparation  are  simple  and  easily  fol- 
lowed, the  object  of  rejecting  the  fii^st  solution  obtaiued  after  half  an 
hour's  maceration  of  the  i^lalit^l  lime  with  water  Ijeing  to  get  rid  of 
the  more  soluble  impurities,  afler  wl»ich  the  purifie<l  lime  is  kept  in 
contact  with  water  as  long  as  it  continues  to  furnish  a  Hatuniteti  smjUi- 
lion.  It  must  not  be  supposed,  however,  that  lime  will  furnish  un- 
limited rpianttties  of  lime-water,  and  the  supply  should  l)e  tested 
from  time  to  time,  either  vohiraetrically,  as  airected  by  the  Phar- 
nianipceia,  or  empirically,  by  breathing  into  a  small  quantity  of  it 
through  a  glass  tube  or  boiling  a  little  of  it  in  a  test-tube — in  either 
case  a  turbid  liquid  should  result,  due  to  the  separation  of  calcium 
carbonate  in  the  first  place,  or  calcium  hydroxide  in  the  seci^nd* 

Lime-water  is  a  very  important  article  in  pharmacy,  and  should 
receive  careful  attention,  as  it  is  chiefly  used  as  an  antacid  for  deli- 
cate infaut^^.  Pure  lime,  free  from  alum,  should  be  used,  and  either 
distilknl  water,  or  tliat  which  Iihs  Ixeu  boile<l  and  coolc<l.  The  sup- 
ply of  lime-water  should  be  kept  in  tightly  corked  iRittles,  in  a 
cool  plai'e,  as  <arbou  dioxide  is  readily  absorbetl  and  lieat  is  un- 
lavorable  to  s4>!ution  of  the  lime.  Lime-water  ts  best  dec^inted 
from  the  9c*diment — or,  if  filtered,  this  must  be  done  under  cover 
— the  sediment  should  then  be  again  well  distrihuteil  in  the  liquid, 
!>y  agitation,  after  the  desired  supply  of  solution  has  been  with* 
drawn. 

While  a  saturated  aqueous  solution  of  lime,  at  15^  C,  (59°  F*), 
ctmtatns  alx»ut  1.70  or  1.75  Gm.  of  calcium  hydroxide  in  every  liter, 
the  official  requirement  of  L40  or  1.48  Qni.  per  liter  more  nearly 
i-epresents  the  average  strength  of  good  lime-water.  Aet^-ording  to 
the  e«|iiation,  (H^CjO,  ^  2I1,0)  +  Ca{OH),  =  CaC,0,-f4H/),  each 
O.  of  decinormal  oxalic  acid  solution,  containing  0,()Ot>285  Gm.  of 
oxalic  acid,  will  neutralize  0  rN)3<391  Gm.  of  calcium  hydroxide,  hence, 
if  50  Cc.  of  lime-water  require  20  Cc,  ^  H*0,0|  solution,  as  stated 
in  tlie  official  tec^t,  about  0.07382  Gm.  C8(OH),  is  present,  which  is 
equal  to  about  0.140-0,1476  jxt  cent. 

8ytiup  op  LniE.  This  preparation  contains  a  much  larger  pro- 
portion of  lime  in  solution  than  lime-water,  owing  to  the  presence  of 
sugar,  mjfl  is,  thert»fore,  preferre<l  in  stmie  c»iscs.  It  has  also  l>een 
recommended  as  an  nnticiole  in  rases  of  poiscming  by  mrbolic  acid, 

d  is  said  to  have  U'cn  u.hkI  with  go<xI  results.  As  nl  '  tntrd 
m  |>api*  221,  syrup  of  lime,  wlicn  freshly  prepared,  conlji  .  t  3.2 

Gm,  of  linu%  ('aO,  in  every  1<¥K>.  (iiliotit  16  gmin^in  1  riui*innuce); 

it  ttbsorliS  i^sirbnii  diovhir  nipidlv  frrtrn  tlir  ulr    It  rnii*.f  Iw  rjinfitllv 


476  PHARMACEUTICAL  CHEMISTRY. 

preserved,  and,  when  filtration  is  necessary,  as  in  its   preparation^ 
covered  funnels  only  should  be  used. 

The  saccharated  solution  of  lime  of  the  British  Pharmacopoeia  is 
a  similar  preparation,  but  contains  only  about  one-half  as  much  cal- 
cium oxide  in  solution. 

Syrup  of  Caixium  Lactophosphate.  This  syrup  has  already 
been  fully  considered  on  page  224. 

The  Compounds  of  Strontium. 

Strontium  I^romide.  SrBr,  +  6HjO.  This  salt  may  be  pre- 
pared by  neutralizing  diluted  hydrobromic  acid  with  pure  strontium 
carbonate  added  in  excess,  filtering  the  mixture,  and  evaporating  tlie 
solution  until  crystals  begin  to  form.  Upon  cooling,  the  salt  sepa- 
rata's in  crystals  which  should  be  dried  at  a  moderate  lieat. 

Sine*  pure  strontium  carlx)nate  is  difficult  to  obtain,  the  use  of 
pure  strontium  hydroxide  ha.s  been  suggested  instead,  as  the  latter 
may  be  pre|)arcd  readily  from  the  nitrate  by  converting  it  into  oxide 
by  calcination  and  then  slaking  this  with  water,  removing  any 
barium  and  calcium  present  by  further  appropriate  treatment  with 
water. 

The  official  salt  contains  about  30.4  per  cent,  of  water  of  crystal- 
lization, and  deliquesces  rapidly  upon  exposure  to  air.      It  can   be 
rendered  anhydrous  by  heating  to  120°  C.  (248°  F.),  and,  in   that 
condition,  should  contain  not  less  than  98  j)er  cent,  of  absolute  SrBr,, 
as  dctermiuKl    by  means  of  (Ici'liiormal  silver  nitrate  solution^  the 
reaction  being  identical  with  that  explaine<l  under  Potassium    Bro- 
mi<le  (sc(f   page  434).     0.3  (ini.  of  anhydrous  absolute  strontium 
bromide  recjuire  24.82  Cc.  ^^^  AgX(>3  solution   for  complete  precipi- 
tation, while  0.3  (rni.  of  absolute  strontium  chloride  require   37.21 
Ce. ;  hence,  each    O.1280   Cc.   required   in  excess  of  24.32    Cc.  will 
in<lieate  1    |K*r  cent,  of  chloride   present.     In   the  official   test,  24.6 
Ce.  i^j,  A^XOg  solution  are  allowed,  which  will  indicate  practically 
2  percent.ofeliloride;  for  24  0-24.32  =  0.28  and  0.28 -r-  0.1289  = 
2.17. 

Stkonthm  Iodidk.  Sri.,  +  ^Wlf).  Like  strontium  bromide, 
this  >all  may  be  j)repartMl  either  from  pure  strontium  carbonate  or 
hydroxide  by  solution  in  the  respiK'tive  aeid,  but,  since  solution  of 
hy<lri<Klie  aeid  is  rather  unstable,  it  should  be  freshly  prepare<l  for 
the  purpose.  The  process  is  identical  with  that  for  the  pret^l- 
in^  salt. 

Strontium  io<lide  is  also  deliques(*ent  i)ut  contains  less  water  ot 
crystallization  (2i.nr)  per  cent.)  than  the  bromide.  By  ex[>osure  to 
air  and  li^ht  it  is  colored  yellow,  and  nnist,  therefore,  be  preserved 
in  dark,  amber-colon*<l  lM)ttle>. 

The  Pharmacopo'ia  rc<|uires  that  at  least  1)8  |K»r  cent,  pure  stroo- 
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tium  icxlide  shall  be  contained  in  the  anhydrous  salt.  Since  not 
more  than  18  Cc.  of  decinormal  silver  nitrate  solution  shall  be  re- 
quirt-d  for  precipitation  of  0.3  Gm.  of  the  anhydrous  salt,  0.73  Cc.  is 
allowed  for  possible  admixture  of  bromide  and  chloride,  because 
0.2U4  Gm.  (98  per  cent,  of  0.3^  of  absolute  strontium  iodide  require 
only  17.27  Cc.  of  the  silver  solution. 

Strontii'M  Lactate.  Sr(C3H503)j  +  SIIjO.  Strontium  lactate 
is  made  by  ueutralizini^  moderately  dilute  lactic  acid  with  strontium 
carbonate  or  hydroxide  and  evaporating  the  resulting  solution  to 
dryness  with  a  moderate  heat.     The  salt  is  not  deliouescent. 

The  nature  of  the  compound,  as  r^ards  the  acia  radical  present, 
is  determined  by  treating  a  5  per  cent,  solution  of  the  salt  with  potas- 
sium |)ermanganate  in  the  presence  of  sulphuric  acid,  as  directed  in 
the  Pharmacopoeia.  The  decoloration  of  the  red  permanganate  solu- 
tion, together  with  effervescence  of  the  mixture  and  development  of 
an  aldehyde  odor,  is  due  to  oxidation  of  the  lactic  acid,  which  is  first 
liberated  from  the  salt  by  sulphuric  acid.  Under  the  influence  of 
oxidizing  agents,  lactic  acid  breaks  up  into  acetic  aldehyde,  CjH^O, 
and  formic  acid,  HIICOj,  the  latter  being  still  further  oxidized  to 
carbon  dioxide  and  water. 

The  official  salt,  having  been  rendered  anhydrous,  should  contain 
not  loss  than  98.6  [)er  cent,  of  pure  strontium  lactate,  which  is  deter- 
mined by  converting  it  into  carbonate  by  means  of  ignition  and  then 
titrating  the  ciirbonate  with  normal  acid.  1.33  (im.  of  anhydrous 
strontium  lactate  will  yield,  upon  ignition,  0.73886  Gm.  of  strontium 
carbonate,  as  shown  bv  the  equation,  SriCjHjO;,),  +  0,j  =  SrCOj  + 
oCO.  +  511 A  and,  as  each  Cc.  ?  H,SC),  requires  0.073886  Gm. 
SrCOj  for  neutralization,  it  will  correspond  to  0.1324rt  Gm.  anhy- 
drous strontium  lactate;  hence,  9.9  Cc.  will  be  required  to  show  98.6 
per  wnt.  of  l.(J8  Gm.,  for  0.13244  X  9.9=  1.311  +  and  98.6  per 
c>ent.  of  1.33  is  1.311 +. 


CHAPTER    XLV. 

THE  COMPOUNDS  OF  MAGNESIUM. 

Although  the  official  magnesium  salts  are  but  few  in  number 
they  are  extensively  employed  both  by  physicians  and  in  domestic 
practice.  The  Pharmacopoeia  recognizes  six  preparations  of  magne- 
sium, of  which  one  is  a  liquid.     The  following  comprise  the  list: 

Official  English  Name.  Official  Latin  Name. 

Magnesia,  Magnesia. 

Heavy  Magnesia,  Magnesia  Ponderosa. 

Magnesium  Carbonate,  Magnesii  Carbonas 

Effervescent  Magnesium  Citrate,  Magnesii  Citras  Effervescens. 

Magnesium  Sulphate,  Magnesii  Sulphas 

Solution  of  Magnesium  Citrate,  Liquor  Magnesii  Citratis. 

Magnesia.     MgO.     The  name,  calcined  magnesia,  by  which  this 
compound  is  commonly  known,  indicates  the  manner  of  its  prepara- 
tion.   Magnesium  carbonate  is  pressed  somewhat  firmly  into  a  crucible 
and  then  heated  to  dull  redness,  whereby  carbon  dioxide  and  wat^r 
are  expelled,  leaving  about  42  per  cent,  of  residue  consisting  of  mag- 
nesium oxide.     The  process  is  known  to  be  completed  when  a  small 
quantity  of  the  residue,  suspended  in  water,  no  longer  effervesces 
upon  addition  of  an  acid.    The  heat  is  not  allowed  to  rise  to  fiiU  red- 
ness unless  the  powder  can  be  kept  constantly  stirred,  otherwise  tl^^ 
magnesia  is  very  apt  to  l^ecome  granular.     The  following  equati^^^ 
illustrates  the  change  taking  place :  (4MgC03  +  Mg(0H)2+  5HjO)  ^=^ 
5MgO+4C02+6H20. 

Two  varieties,  a  light  and  a  dense  calcined  magnesia,  occur  in  co^^' 
merce ;  the  latter  is  recognized  in  the  Pharmacopoeia  as  heavy  magnes^^^  ' 
or  magnesia  ponderosa.     The  two  varieties  are  obtained  in  the  sai^^^? 
manner,  but  from  light  and  heavy  magnesium  carbonate,  respectivel    ^^(1 
Light  ma<rnesia  is  the  kind  generally  used,  and  should  invariably  0" 
employed  when  magnesia  is  to  be  dispensed  in  aqueous  suspensions^ "  ' 
small  quantities  of  water  (lannot  be  mixed  with  it  without  renderiir:-^  J 
it  harsh  and  gritty,  and,  if  1  part  of  magnesia  be  added  to  15  par^^^^^ 
of  water,  the  mixture  will  soon  set  to  a  gelatinous  mass,  henoe  car  -^* 
must  be  observed  that  sufficient  water  be  used  to  overcome  this  tei^  "^^ 
dency,  and  never  should  the  water  be  added  to  the  magnesia,  \s0  ^r^. 
always  the  magnesia  to  the  water.     This  peculiar  behavior  vnW  ^ 
water  is  due  to  the  formation  of  gelatinous  magnesium  hydroxid-^^--^. 
Mg(0H)2,  and  is  characteristic  of  the  light  magnesia,  heavy  magnes  -s^^'^ 
not  readily  uniting  with  water. 

Light  and  heavy  magnesia  do  not  differ  from  each  other  ch 
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cally ;  the  latliT  is  a  smoother  and  denser  powder,  preferred  for  use  in 
jMiwder  ttjixturr^  on  aocoiint  of  its  Hmaller  bulk. 

Siaoe  magnesia  al)-*K)rba  moisture  and  carbon  dioxide  readily  from 
tlie  air,  it  munt  \)e  pi'eaerved  in  tightly  dosed  tin  or  glass  vessels. 
TiiL*  Pharraacuivi^ia  demands  that  only  Blight  traces  of  carbonate  shall 
lie  |>resent,  ana  not  more  than  5  per  cent,  of  moisture. 

Magnesium  Cahi«»nate.  4Mg(X), -i  Mg(OH). -t  SH.O.  As 
shown  by  the  chemical  formula,  the  oflSeial  magnesium  carbonate  is 
not  a  pure  normal  carbonate,  but  is  composed  of  magnesium  car- 
bonate and  hydroxide  united  with  water.  It  is  prepared  by  mutual 
deivHiiposition  between  solutions  of  magnesium  sulphate  or  chloride, 
and  of  sodium  ciirlx>nate ;  the  com  posit  inn  of  the  rt^uUiog  jjrecijn- 
tate  depends  uj>on  tlie  eoneentratiou  of  the  solutions  employed  and 
the  t€»m|K»rature  at  winch  the  decomposition  is  effected,  and  the  pre- 
cipitate dried.  Pure  normal  magnesium  carlxinate  is  never  obtained 
when  a  solution  of  the  sulphate  or  chloride  is  mixed  with  an  alkali 
carlwjnate,  but  always  u  basi*'  carlMmale^  ihr  proportion  of  normal 
e4»rbouute  present  in  the  precipitate  being  greiitest,  when  dilute  so- 
tut  inns  art*  used  at  ordinary  temj>eniture. 

If  solutions  of  magnesium  sulphate  and  sodium  carbonate  be 
mixeil  in  tlie  cold,  no  carliou  dioxide  is  eliminated,  a  voluminous 
precipitate  of  basic  magnesium  carbt»nate  being  thrown  down,  while 
im  at'id  magnesium  carbonate,  MgIL(COj)2,  remains  in  solution  ; 
but,  if  the  solutions  be  mixed  warm  or  hotjtarlxm  dioxide  isc^volved. 
The  reaction  producing  the  official  magnesium  carlx)nate  is  prob- 
ablv  as  follows :  5(MgS04  -f  7H,0)  4  5(Na,CX3^  ^  lOH^O)  = 
<4x\IgCO,  ^  Mg(OH),  +  5H3O)  -r  oNa^SO,  ^  CO^  -f  79H.O,  dilute 
solutions  being  usctl  and  mixed  at  a  temj>erature  not  above  bh^  C. 
(131 '^  F.);  the  precipitate  is  washed  to  remove  sodium  chloride,  and 
dried  without  heat. 

Rith  light  and  lietivy  magnesium  <*arlK)nate  oc«'ur  in  commerce, 
l>eing  manulmtureil  extensively  in  this  country  and  in  England. 
The  U.  S.  PharmacoixBia  recognizes  only  the  light  variety,  as  indi- 
c^tiHl  by  the  oOicial  descri[)tion  ;  this  is  also  known  ns  ma^fUfsia  alfm, 
Tht'  British  Pharmn<T)p<Bia  recognizes  both  the  light  and  heavy  mag- 
nesium citrlKJuate  and  gives  working  formulas  for  their  pre|)aration, 
whi*'li  ditl'iT  frnm  each  other  only  in  the  concentration  of  the  solu- 
tions usiti  and  in  the  length  of  time  the  mixtnre  is  lioitetl :  the 
official  Knglish  magnesium  carbonate  has  the  composition,  SMgCO.  4- 
Mg(OHX  -  4H,0. 

Considerable  magnesium  carbonate  is  also  made  in  Englnnd  from 
dolomite,  a  native  magm^ium  limt-stone,  by  ignitimt  anil  tniitmiiit 
with  water  and  carbon  dioxide  under  pressure;  acid  magnesium  car- 
bonate is  formed  and  readily  diss4»lved,  and  the  solution,  s«|»anitisl 
from  the  calcium  carbonate,  is  treats  with  steam,  wl»erel>y  the  luuic 
carbonate  is  precipitated. 
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2.1()  |)arts  of  citric  acid  for  each  part  of  magnesium  carbonate  used ; 
it  is  very  soluble  in  water,  but  is  objected  to  by.  many  on  account  of 
its  very  acid  taste. 

By  following  the  official  formula,  a  mixture  of  normal  and  acid 
majrnisium  citrate  is  produced,  as  insufficient  citric  acid  is  used  to 
form  the  latter  salt  alone.  Since  2.5  Gm.  of  }K)tassiuni  bicarbonate 
re(|uire  al>out  1.75  Gm.  of  citric  acid  for  complete  decomposition, 
and  only  0.6  Gm.  are  furnished  by  the  60  Cc.  of  syrup  of  citric  acid 
ordennl,  there  will  be  still  less  acid  magnesium  citrate  in  the  finished 
pnKluct  and  the  tendency  to  deposit  the  normal  salt  will  beincreaseil. 
The  first  wlition  of  the  1890  Pharmacopoeia  directed  120  Cc.  of  syrup 
of  citric  acid,  but  this  was  changed  afterward,  as  the  solution  was 
found  too  sweet,  containing  about  100  Gm.  of  sugar  in  every  bottle. 
For  extem[X)raneous  preparation  of  solution  of  magnesium  citrate, 
the  pharmaco|)ocial  formula  answers  admirably  and  the  citric  acid 
may  even  be  rtnluceil  to  25  Gm.,  with  advantage  as  regards  the  taste ; 
but,  if  the  solution  is  to  be  kept  in  l>ottles,  for  possibly  a  week  or 
two  or  even  longer,  a  more  acid  solution  should  be  prepared,  using 
83. ')S  Gm.  of  citric  acid  in  place  of  30  (im.,  as  officially  directed. 

Another  sounjse  of  trouble  is  the  use  of  plain  water,  which  some- 
times caust^s  fungi  to  form  and  renders  the  solution  unsightly;  this 
ran  be  obviated  by  boiling  and  filtering  all  the  water  to  be  used. 
Sound  soft  corks  only  should  be  used  for  closing  the  bottles,  and,  hav- 
ing l)een  first  swelled  in  water  for  an  hour,  tliey  should  be  driven 
firmly  into  the  neck  of  the  Iwttle  and  then  secured  with  twine  or 
wire,  as  n^tention  in  the  solution  of  all  the  carlwn  dioxide,  from  the 
potassium  bi(»arl)onate,  adds  materially  to  the  refreshing  taste.  The 
i>ottle.s  should  Ix?  kept  in  a  cool  place,  resting  on  their  sides. 
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CHAPTER    XLVI. 

THE  COMPOUNDS  OF  ALUMINUM  AND  CERIUM. 

There  are  but  four  coniiwuDcls  of  alumiuum  and  oue  of  cerium 
recognized  iu  the  Pharniacoiioeia,  as  shown  by  the  followiug  list : 

otlicial  English  Nume.  Oillcial  I^tin  Name. 

Ahiin,  Alumen. 

I)rie<l  Alum,  Alumen  Exsicc^ntiim. 

Aluininuni  Hydrate.  Alumini  Hydras. 

Aluniiiuini  Sulphate.  Aluniini  Sulphas. 

( Vrium  ( )xalate,  ( Vrii  Oxalas. 

The  Compounds  of  Aluminunu 

Ali'M.  Al.K.(8(\)^  24ILO.  In  pharniacv  and  iiiedioine  tin? 
term  ahini  is  appliwl  to  luit  one  compound,  although  chemists  r^co^r- 
nize  under  the  jxeneral  name  of  ahnn  several  definite  suits,  the  cliar- 
acteristics  of  which  are,  that  they  are  double  sulphates  of  a  univalent 
and  trivalcnt  element,  are  isomorphous,  crystallizing  in  the  regular 
system  of  the  <  nhe  and  netahtnlron,  and  contain  24  molecules  of 
water  <>f  erystallization.  Tlie  univalent  elements  present  mav  In- 
either  j>nt.i->iiiin,  sodium,  ammonium,  e:esium,  rubidium^  or  silver, 
while  th<'  trivaleiit  element  need  not  neetssarily  1h»  ahiminuni,  its 
place  Keiii;^  sometimes  taken  by  iron,  ehromiinn,  or  manganese.  The 
offieial  alum  i<  (lesi^iiate<l  more  >peeifieally  as  potassium  aliini : 
l)esides  this,  the  followin.:  are  al<o  known  :  ammonium  alum 
AK^NHjiSO,).  -jm.O:  el,rMmealum,('r.K./SO,),  -  24ILO;ir^>n 
alum,  K<-.  NH.i.SO;)^     L>411_( ),  etc.,  <'te. 

CriMle  :ilmn  oi'cim's  in  Natnie  in  the  I'orm  ot'alunite  or  alumstone, 
a  mixture  nt'aluminum  hydroxide  and  almninum  and  }>otas8iinu  sul- 
phate.** ;  from  this  a«*  w«ll  as  alum-shale  and  the  minenils  cryolite  and 
bauxite  utlieial  alutn  i^  obtaine<l.  Caleiuatiou  and  lixiviatiou,  as 
well  a-  treatment  with  sulphuric  aeid  and  addition  of  |>otassinni  sul- 
phate or  ehlori<ie,  are  brou^dit  into  HMjiiisition  in  the  ditlbrtuit  pro- 
eesses,  erystallization  In-iuir  fmally  employed  for  the  purixtst*  i>f 
purilieation.  ( )wimr  to  the  pre>cne<' of  iron  in  the  niinorals  from 
whieh  alum  is  made,  it  is  (»ften  foimd  in  the  latter,  but  should  not 
exo'e<l  traee>,  a-  detrrmiued  by  the  olVnial  test  with  |H>ta3siiim  fi*m>- 
cyanide. 

Potassimn  almn  is  not  <juit<'  ><>  soluble  as  amnumium  alum,  which 
latter  wa>   I'oruierly   retMij^nizisl    in   the   Pharmaeojxeia,  and   is  still 
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more  exteii?i%*ely  handlc»d  in  cTtimmenx?  tJian  liie official  article,  partly 
ou  acMiHiDt  of  iLH  lower  price*  The  Hrilisb  I'harmafup'pia  ifni^oguixcs 
both  varieties.  Ammonium  alum  maj  be  readily  distinguished  from 
the  official  alum  by  the  evolution  of  an  ammoniacal  odor  upon  trilu- 
ratioQ  with  potassinm  or  sodium  hydroxide  or  airbonate;  moreover, 
U}ion  heating,  ammrmium  alum  leaves  a  final  residue  of  pure  alumina, 
while  the  residue  from  ot^irinl  alum  contains  potas^^inm  sulphate  be- 
sides. 

DrirdAlc«.  AlJv-iSOJj.  Crystallized  potassium  alum  con- 
tains 4*i.52  per  cent,  of  waiter  of  crvstalliziition,  which  may  he  en- 
tirely expelled  at  a  tem|iemtnre  of  *200°  i\  (392^  F,}.  InUie  offi- 
cial nrocess  for  preparing  dried  or  burnt  alum,  the  crystals  are  first 
fusea  in  a  shallow  capsule,  the  lieat  Wing  then  increased  and  coo- 
t!nue<l  until  10  parts  have  been  redu(*e^l  in  weight  to  5,5  parts  and 
a  white  porous  mass  remains,  which  m  presiTvcfl  in  powder  form  in 
tightly  stoppei-ed  bottles,  A  temperature  exceeding  2\)0^  C\  (392'^ 
F.)  must  be  avoidetl  to  prevent  decomposition  and  change  of  ^h^' 
alimunum  sulphate  to  alumina,  with  loss  nf  sulphuric  acid. 

I>ri<Hl  alum,  although  etunpletely  but  slowly  soluble  in  water,  re- 
quires alH>m  three  or  four  tiuicis  as  much  water  ft>r  j^^olution  as  the 
crvstallized  alum. 

ALl'MINt'M   IIVDKATE  OH    HVDflOXn>E.       Al.(OU)^  or  A1(0II||. 

The  I'harmacojxeia  dire<ts  this  compound  to  be  prcpai-etl  by  gradu- 
•lly  i)ouring  a  not  solution  of  alum  into  a  hi>t  solution  of  an  ecpial 
weight  of  sodium  carbonate,  rejnmtedly  wanhing  the  resulting 
pr^ipttate  with  hot  water,  and  finally  drying  the  residue  at  a  tem- 
|K>rature  not  above  40*^  C.  (104°  F.|.  The  decomposition  is  aticom- 
(lanied  by  the  evolution  of  carbon  dioxide,  and  mnv  bp  illu'^trated 
as  f^illowk:  HNaXHJ,  ^  AI,K,(S(\),  ^  aH/J^  '♦+ 

8Xa.S(\+3CH>, ;  this  ticctiliar  reaction  is  chai  tain 

metals*  nluminuu),  iron  id  iIh*  ferric  state,  and  chromiuni,  tiie  oxides 
of  which  exhibit  weak  lja<«ic  pro|K?rtics  and  fail  to  combine  with  cnr- 
lH>nic  acid,  but  are  priT'ipit.nte<l  as  hydroxidt*^  when  their  soluble 
lUs  ftR' a<*te^i  ujion  by  alkali  carlKjnai*®. 

Thi*  obj****!  of  using  hot  solutions  of  thi*  two  salts  and  of  adding 
the  alum  solution  slowly  to  the  alkaline  li*iuid  is  to  prevent  the  for- 
mation c»f  ba^ic  aluminum  sulphate  and  to  facilitate  the  complete 
rt*ra oval  of  alkali  and  d^uIphuHc  acid/ which  would  be  persistently 
n-tained  by  the  jiretipitatm  hydroxide  if  the  pretnpitation  hyok  pbf<* 
in  the  presents  of  an  excens  of  nlutii.  The  use  of  hot  !iquid?i  al^> 
facilitates  the  uu  of  the  carbon  dioxide. 

Drying  till'  ;  ^  ae  at  a  moilerate  temperature  is  deiiirable  to 
insure  a  smooth  product,  as  a  high  heat  would  oatise  partial  decom« 
poflftion  and  a  gritty  powder. 

Aia^MlNUM  SuLPHATK.     AI.(S(  JJj-f-  l^iHjO.     This  i<alt  is  prt>fer- 
>ly  prepared  for  metjicinal  |*urpo*4C:^  by  dissMjlving  freslily  prejiarttl 
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aluminum  hydroxide  in  a  sufficient  quantity  of  sulphuric  acid  prop- 
erly diluted  with  water.  An  excess  of  acid  should  be  avoided,  as 
also  an  excess  of  the  hydroxide;  in  the  event  of  the  latter,  basic 
sulphates  are  Hkely  to  be  formed.  100  Gm.  of  alumiDum  hydroxide 
(obtainid  from  007.33  Gm.  of  official  alum)  require  188.31  Gm.  of 
absolute,  or  'J03.58  Gm.  of  official  sulphuric  acid  to  form  a  Dormal 
salt.  The  gelatinous  hydroxide  will  dissolve  quite  readily,  and  the 
solution  having  been  filtered  is  evaporated  on  a  water-bath  uDtil  a 
crystalline  residue  is  obtained. 

Aluminum  sulph&te  contains  about  the  same  percentage  of  water 
of  crystallization  as  official  alum,  but  is  far  more  soluble  (about  8 
times)  than  the  latter. 

Besides  the  official  aluminum  compounds  the  following  is  sometimes 
used: 

Solution  of  Aluminum  Acetate.  This  prepamtion  is  rect^jr- 
nized  in  the  Cierman  Pharmacopoeia,  and  is  prepared  by  adding  StJO 
Gm.  of  SO  per  cent,  acetic  acid  to  a  solution  of  300  Gm.  of  alumi- 
num sulphate  in  SCO  Cc.  of  water,  and  afterward  introducing,  in 
small  portions  at  a  time,  a  mixture  of  130  Gm.  of  calcium  car- 
bonate in  200  Cc.  of  water.  The  whole  operation  must  be  con- 
ducted in  a  cool  place  and  the  mixture  be  allowed  to  stand  at  rest 
for  24  hours,  when  the  clear  liquid  may  be  removed  with  the  aid  of 
a  siphon.  The  solution  contains  about  7.5  or  8  per  cent,  of  liasic 
aluminum  acetate  of  the  composition,  Al,(OH)^,(C2H,OJj.  Tlie  re- 
action taking  i)hice  in  the  foregoing  process  mav  l)e  illustrated  thu<  • 
(A1,(S(),\-  lt»H.( ))  -  4HC.H3( ).-;  3CaC()3  =  Al,(0H)..(C,H3O.).-r 
3CaS(),-  :U(),     17II,(). 


The  Compounds  of  Cerium. 

Cekiim  Oxalate.     CVj^'PJa  :  ^^HO,.     This  salt  is  pre{uiretl 
from  the  mineral  ctTite  l>y  a  somewhat  c'om])lirateil  process,  on  ac- 
count of  the  presence  of  two  other  metals,  hintlianum  and  didyuiium, 
which  are  intimately  a>s<K'iatt'(l  with  ceriiiin  as  silicates.     The  [K)W- 
dered  niincial   is  (hgested  with  .^ulphnric  acid,  the  mass  drio<l  and 
treattd  with  <lihite<l  nitric  arid   and   liydn»gen  sulphide  to   remove 
copj)er  and  otlu*r  metals.     The  ccrite  metals  are  next  precipitattd  hv 
means  of  oxalif  acid,  aiul  the  mixed  oxalates,  after  the  aodition  (»f 
magmsiuni   carhonate,  are  calcin^tl  and   the   residue  dissolvcil   in  a 
small  ijiiantity  of  ('oncinirated  nitric  acid.     The  solution  is  |>ourrtl 
into  a   lartrt'  (juantity  of  water  nmtaininir  about   one-half  iK»r  ivnt. 
of  sulplinric  acid,  wlierchy  the  <'crium  is  i)r(Hipitateil  as  yellow  cerio 
sulphate,  while   lanthanum  and  didymiiini,  together  with  the  mag- 
nesium, remain  in  nilntion.     The  eerie  sulphate  is  dissolved  in  sul- 
phuric acid  and  reduced  t<»  irrons  sulphate,  I)y  means  of  sodium 
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thiosulpliate,  after  which  it  is  precipitated^  as  cerous  oxalate,  with 
oxalic  aoid  and  dried. 

Pure  cerium  oxalate  is  white,  but  the  commercial  article  is  fre- 
quently of  a  pink  color,  due  to  the  presence  of  didymiuni,  which 
may  1k»  detected  by  heating  the  suspected  salt  to  redness,  when  a 
reddish -yellow  residue  of  eerie  oxide  should  be  obtained,  didymium* 
imjxirtinjj^  a  brown  color,  as  stated  in  the  official  test. 

Among  the  non-official  salts  of  cerium,  the  nitrate,  Ce(X03)3+ 
6H.^O,  has  been  used  to  some  extent.  It  may  Ik»  conveniently  made 
by  dwomix)sing  cerous  sulphate  with  barium  nitrate,  and  {possesses 
the  advantage  of  being  freely  soluble  in  water  and  alcohol. 


CHAPTER  XLVII. 

THE  COMPOUNDS  OF  IRON. 

There  is  uo  class  of  inorganic  compounds,  excepting  the  ofBcial 
preparations  of  the  alkalies,  more  extensively  employed  io  niedicioe 
than  those  of  iron  ;  they  must  therefore  l)e  consicfered  as  among  the 
most  important  in  the  study  of  pharmacy.  The  Pharmacopoeia  rec- 
ognizes, besides  iron  in  the  metallic  form,  no  less  than  38  different 
pre])arations  of  the  same,  of  which  12  are  liquid.  Chemists  have 
grouped  all  compounds  of  iron  into  two  classes,  designated  as  ferrous 
and  ferric  compounds  respectively,  which  differ  from  each  other  in 
striking  physical  and  chemical  properties ;  this  distinction  has  also 
been  maiutainal  in  the  official  titles  of  the  iron  salts  and  their  solutions. 
Ferrous  comi>ounds,  in  which  iron  is  bivalent,  are,  when  not  anhv- 
drous,  of  a  green  color,  with  one  exception,  the  yellow  oxalate,  and 
form  a  blue  precipitate  of  ferrous  ferricyanicle,  Fe^(Fe{C^f)^\^  known 
as  TurnbulTs  Blue,  with  solution  of  potassium  ferricyanide ;  ferric 
compounds,  in  which  iron  is  trivalent,  on  the  other  hand,  are  char- 
acterized by  a  ri-ddish-  or  yellowish-brown  color  and  form  a  blue 
precipitate  of  ferric  ferrocyanido,  Fej(Ft(CN)g)3,  known  as  Prussian 
Blue,  with  solution  of  potassium  fernK-yanide. 

The  Ibllowiug  is  a  list  of  the  official  prej)arations  of  iron,  divided, 
for  convenience,  into  three  classes  : 

otVidal  Kn($lish  Nana'.  oilicial  Latin  Name. 

Milaliic  Iron. 

In»n,  Fvrruin. 

lie<iiu-c«l   Imn,  Ferrum  Kt-^luctum. 

F-'oiToii-i  Sulphate,  Ferri  Snlplia^. 

I>rinl  F*\Tniii-  Siilphato,  Ferri  Sulplias  Ex!ii<X!iitus. 

(iramilaitMl  Ferrous  Sulphate,  Ferri  Sulpha><  <iranulatus. 

Ma--  nf  FerrfMH  (arlj^mate,  M:is.si  Ferri  < 'arl)onati.«». 

Saf^'haratCil  F«TnMis  ('arlxmate,  Ferri  Carbnnas  Saccharatus. 

Pi  IN  •  it'  Ferrotis  (  arl>onate,  Pilula*  F-'erri  (arbonatis. 

Ferrous  Laetate.  Ferri  Laclas. 

rilU  of  Ferptu-  loiliile,  l*iluhe  Ferri  IcmHiH. 

Saet.haraied  F'^rrrou**  IiHlide,  I'erri  lodiduni  Sacrharatum. 

Syrup  '»!"  F*'errou>i  Fo<li<lf,  Syrupus  I-Vrri  loilidi 

(*om|H)UinI  Iron  Mixture,  Mi-tura  Ferri  ( 'oinix>sita. 

Ffrrie  Arnrnrmium  Sulphate,  I'^erri  et  Aruni<»nii  Sulphas. 

Ferric  <  'hlr»ri<le,  Ferri  <  liloriMuni. 

Ferric  <  it  rate,  Ferri  <  iinis. 

Ferric  llyiirate,  Ferri  <  >xitluni  Ilydnitum. 
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lAte, 


ferric  tlTftnii^  *rifli  Mn^esij*, 

Fi-rrie  Vitleriiinnte, 

IiT»n  and  Aminoniura  Cilrntc, 

I  roij   I 

Solubk'  IrfUT  and  i/iiinine  C^tnUe, 

ln»n  Bind  S^lrychninr  *'itmte. 

•Sduble  Ferric  \' 

S«>1ulili>  Ferric  1 

>'   '  f  Ferno    \> 

I   Ferric  rh I 
^       ■   ......  i^r  Fi»rr^--  •  '  ■ 

linn  of  Fev 

'km  of  Fci  I 

ion  of  F<?rrk*  J^iiljihnte, 

lion  of  Iron  and  Amtnonium 
Ai^tAle) 
'I'inrenn^  *»f  Ferric  Chloride, 
I  •  ■     -^r, 

I  n>n, 
Imim  .   V»  tilt'  of  IruOf 
Wine  of  Ferric  Citmtc, 


hate, 


Fcrri  t)xidiim  llvdi^Uiiii  cum  Magnefiia. 

Ferii  lIyi»ot>hiM*j»lji*. 

Ferri  Vulermniu*, 

Ferri  et  Aminonii  rilm^. 

Fern  et  A "■■  Turtnu- 

Ferri  et  f  r^trtis, 

Ferri  et' J  tmti 

Frrri  et  (iuininw  tJiiniM  !^lubi)ii. 

Fcrri  et  Str^'chninn?  Citms, 

Ferri  Phcisphas  Siluhiliji* 

Fcrri  Pyropbospha.H  S>lubili8. 

Liquor  Ferri  Ac^etJilia, 

Liquor  Ferri  Chloridi. 

Liquor  Kr-'^'  '  '*'-''!«!, 

Liquor  1  •  5> 

Liquor  I'vi      ^         li^hatis. 

Li*|Uor  Ferri  Tert*ul[>biiti<»^ 

Liquor  Ferri  et  Ammonii  Acet«tl& 

Tiftcium  Ferri  Chloridi, 
r      '        iin  Ferri. 

Ferri. 
>  in  nil  i  erri  Amuntut. 
Vinuiu  Ferri  Citratw. 


Iron.  Ve.  The  kind  of  metallie  iron  rect>gniz€*d  in  the  Phariua- 
co|KBia  19  that  occurring  in  the  furra  of  aoft,  l>right  wire*  It  should 
he  free  from  rust  and  the  couimert'ial  article,  as  it  has  uj^ually  been 
coated  with  ^rreaise  or  paratfin  c>il  to  protect  it  from  moisture,  miu«t 
he  thoroughly  cleaned  Wforc  it  is  n&erl  for  ph  tiral  piiqKj^^es. 

The  kind  of  iron  wire  known  in  the  trade  a&  •  li,  ohtnineil  as 

clippings  and  wa.ste  front  the  manufacturers  of  cotton  <*anls^  is  usually 
prctern^I  on  account  of  its  t*onvenieni  form  and  general  gooil  (pmlity  ; 
sometimes,  however,  can:i-te«'th  of  a  ver)^  inferior  grade  arc  sold  and 
reijuin^  cttreful  garbling  and  subsequent  washing  to  remove  grease 
^  nnd  dirt. 


KKmcF.n  Iron.  This  pretw^ration  represeuts  more  or  les8  pure 
metnliic  iron  in  a  fine  sjtate  nf  division,  obtaitietl  by  reduction  of 
ferric  oxide  with  hydn^^n  gan.  Ferric  hydroxide  (nvee  Ferric  Hv* 
drate)  is  first  drieil,  whcii^hy  it  is  clmuj^l  to  oxyhvdmte,  and  then 

Claot'd  in  an  iron  reduction  tul>e  »u  arrangt^l  that  the  same  can  be 
eated  to  dull  redness,  while  a  current  of  hydrogen  gas,  previotisly 
washnl  and  tiried  by  lieing  (mssed  through  a  moderately  strong  solu- 
tion q(  potasfiiuni  permanganate  and  aAerward  sulphuric  acid,  is 
constantly  passcil  thrun>;h  it.  The  reducing  action  of  hydrogen  on 
ferric  M\  l»c  illnstrattt]   by  I  lie  following  ecpiation  :   FC3O3  + 

H^j^^F'  K     The  supply  of  hydrogen  is  kept  up  as  long  as 

any  oxygiqi  i^  W-A,  as  shown  by  the  escape  of  aqueous  vapor  I'roni 
the  tuln*.  When  retluction  is  complete  the  tube  and  contents  are 
allowed  to  co<d  slowly,  while  a  slow  stri-am  i^f  hydrogen  is  oontinnt^l 
until  the  In  n*  has  Ikh^i  re<hjc^tl  to  that  of  the  air;  this  is 

De*?ii^iry,  in  the  hot^  finely  dividttl  iron  will  Ije  n.'adily  re- 
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oxidized  by  the  air,  as  in  that  condition  its  avidity  for  oxvgen  is 
veiy  marked. 

The  quality  of  reduced  iron  depends,  of  course,  upou  the  puritv  of 
the  ferric  hvdroxide  and  the  temperature  employed.  AVhen  ferric 
oxide  is  heated  to  280°  or  300°  C.  (586°-572°"F.)  in  a  stream  of 
hvdrogen,  it  is  converted  into  ferroso-ferric  oxide,  FejO.  (3Fe  O  — 
H,=2FcA  or  2(FeO-  FeA)-  H,0),  but  metallic  reduction'  does 
not  occur  until  a  temperature  of  400°  C.  (752°  F.)  and  over  is 
reached.  A  bright  red  heat,  however,  is  not  employed,  as  it  causes 
a  dense,  comjiact  product,  which  is  not  desirable;  therefore  the  com- 
mercial article,  although  a  lighter  powder,  is  usually  oontaoiinated 
witli  imperfectly  reduced  oxide. 

Reduced  iron  should  be  free  from  lustre  and  of  a  gravish  color, 
and,  when  treated  with  warm  dihited  sulphuric  or  hydrochloric  acid, 
should  leave  not  more  than  1  i>er  cent,  of  insoluble  residue.  Its 
value  is  Ijased  ujxin  the  proportion  of  metallic  iron  present ;  the  U,  S. 
Pharmacoixeia  demands  80  \tev  cent.,  while  the  German  Pliarma- 
copri?ia  insists  upon  00  per  cent.  Frequent  examinations  of  the  com- 
mercial products  have  dir?closed  the  fact  that  much  inferior  reduced 
iron  i»  disjK'n.sed  by  pharmacists,  but  few  s;imples  coming  up  to  the 
official  requirements. 

The  Pharmacoixeia  directs  that  the  valuation  of  reduced  iron  shall 
be  made  with  men-uric  chloride  and  |>otassium  permanganate,  the 
assay  l>eing  subsequently  confirme<l  by  means  of  {X)tas$ium   iodide 
and  so<lium  thiosulphate.      The  test  involves  several  reactions    as 
follows  :     1.  When  rf»4luc«l  iron  is  digesttxl  with  solution  of  mer- 
curic chlori<le,  the  latter  salt  i.<  i\<Uieed  to  iiiercurous  chloride  bv  the 
metalhV'  iron  prcs(»nt,  ferrous  rliKiricU*  I n-ing  formed  at  the  same  time* 
thus,    2H-(1,     Fe=lIg,Cl      Ft'Cl,.      2.    Ferrous   chloride,    when 
tniite^l   with   j)ota<siuni   jHrniani:anatc  and   sulphuric  acid,    is   <vn- 
vcrt^-il  int(»  fVrri'-  >iilphatr  an«l  chloride;  thus,  10  FeCl..  -  2KMnO 
_  nH>().  =  l>Fc,(S(),)      :]Ft..Cl,-    2K(1      2MnS0,--  8H,0.     z\ 
This  mixtiin-,  digottil  with  potassium  irnlido,  liU'rates  imiine,  which 
is  held  in  -uluti(»ii  by  th»- excess  of  pota-siuni  i^nlide,  at  the  same  time 
forniiiiL^  pota-siiini  sulphate  and  <liloride,  while  the  ferric  sjilts  are 
re<ln<-c<l   to  the  lirroiis  state;    thus,   2Fe.  S0,\  — SFcCl^j-- 10KI  = 
I,.-   4FeS(),     OFeCl.     L>K,S(),     OKCl.'    Thes<»    reactions    plainly 
show  that,  for  eaeli  atnm  (or  oo.SS   part^'i  of  metallic  iron    present 
in  the  rediicf^d  iron,  one  atom  (or  li20.o:>  ]>art*^)  of  iodine  is  iinallv 
lilxTate<l,  and,  a-^  each  ( 'c  of  decinormal  sodium  thiosulphato  solu- 
tion will  d».N  olnrize  0.<>r2<jo3  ^im.  of  itnline,  it  must   corres|>ond 
also  to  O.Om.>jS>;  (iin.  of  metallic  iron.     Tiie  siMNHid  e<|uatiou  shows 
that  '2.  inolMiilcs  of  potassium  |Mrmaniranate  are  t'apable  of  oxidiz- 
inj:  10  mole<Miles  of  ferrous  salt,   i-epreseniinj:   10  atoms  of  inm  ; 
therefore  ejich  C'c  j'^-KMnO,  dilution,  containiuir  0.0031534    (im. 
K.MnOj,  mu-t  e<irre-pnnd  to  o.()nr).')SS  (Jm.  nf  metallic  iron. 

In  the  ollicial  te-t.  the  in  ('c.  (»f  filtrate  direittMl  to  Ik?  used  repr<*- 
sent  O.ori*;  Gm.  of  rMhu-e*!  iron,  as  O.oG  (im.  was  used  to  obtain  KK) 
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Hqmd*  uihI  e:t('li  C<*  jf^  KMnO^  solution  neces<»arv  to  obtain  a 
permonpnt  pink  <*<j|omt!oo  (showing  complete  oxiclatlou)  indieatf*^ 
0.005588  (ini.  or  10  |ier  cent,  of  metallic  iron  ;  at  least  8  Cc,  will 
be  required  if  the  sample  is  of  the  quality  officially  required* 

Ferrous  Sulphate.  FeSO^  f  TH.O.  This  salt,  from  which 
numerous  other  ferrous  a§  well  as  ferric  compiuiids  are  luadc,  h  oh- 
taiued,  for  medicinal  purpt^es,  by  acting  on  clean  iron  wii*e  with 
diluted  sulphuric  acid,  aiding  the  reaction  with  a  little  heat.  The 
newlv  formed  ferrous  sulphate  enters  into  solution  and  hvdrogen  gas 
id  elimiuated,  thus:  Fe.4^2R^S04=2FeSO.4-H, ;  the  salt  is  prone 
to  oxidation  if  a  strictly  neutral  solution  be  evaporated,  hence  a  little 
free  sulphnric  acid  is  usually  left  in  the  liquid^  which  is  then  concea- 
trated  and  crv^tnllized. 

The  official  ferrous  sulphate  contains  45.32  per  cent,  of  water  of 
cryT^alli/iittun,  a  |x>rtion  of  w4iicb  is  lost  by  efflorescence  upon  expo- 
wire  to  dry  air;  when  exjioscd  to  moist  air  the  ml t  undergries  oxida- 
tion, indicated  by  tlie  fonnation  of  a  brownish-yellow  basic  ferric 
enlphate.  The  crystals  should  therefore  lye  preserved  in  well-stop- 
peiw  bottles. 

The  commercial  crude  ferrous  sulphate  known  as  '*  copperas/'  is 
always  more  or  less  impure  and  not  suited  for  pharmaceutical  pur- 
poses. The  PharmaoojKeia  re*pjires  absolute  purity  for  the  official 
aalt,  which  is  derermlucd  volumcfrically  with  dt*ciuormal  jwtas-sium 
jx^nnan^nate  solution.  Each  mtJeculeof  pota'^sium  |>c»rmauj^anate  is 
capal>le  of  converting  5  molecules  of  ferrous  sulpliate  into  ferric  sul- 
phate ;  thus,  10(FeSO,  +  7H,0)-h 2KMuO,  4  8H,>iO,  =  5Fe,(SO,), 
+  K.SO,  +  2MttSO,  ^  78H.O  ;  hence  each  C<j.  ^KMnO.  solu- 
tion  corres)K)Dds  to  0.027742  Gm»  of  crrstalHxed  pure  ferrous  stil- 
pliate,  and  not  less  than  50  Cc.  will  be  required  for  1.39  Gm.,  as 
l,:V.»-^O.027742=^5O.l-f. 

DnrEt*  FERRors  8iri*PUATE*  Approximately  2FeSO,-^8H,0. 
The  Pliarmacf>[in?ia  dire^i;^  dri^l  ferrous  sulphate  to  \)e  prejmred  by 
ftllowing  the  crystallijx'd  salt  to  cfflores^'e  at  a  ^ntle  hf*at  and  then 
ex|Kisjn^  it  iu  a  ilish  to  the  licut  of  a  l>oilinix-water  luith  initil  rc<Iucetl 
to  ubiiut  Cyi)  |M'r  ci*nt.  of  it^a  oripnal  weight.  This  prtK»*tlure  does* 
not  ivnder  the  salt  anhydrt>us,  for.  even  at  US'"  C.  (2.1f»°  R)  HAS 
per  cent,  of  water  still  remains^  whidi  reqtitrt^  a  heat  of  nearly  3(X)° 
C-  (592°  F.)  for  complete  expulsion  ;  at  the  latter  temf)erature  the 
ferroufi  au][>hate  ia  likely  to  undergo  decMmiposition. 

Dried  ferrous  sulphate  may  he  ploval  for  pill- 

__jisses  and  other  purjKi^ies,  in  pla^  iztd  salt,  in  the 

proportion  of  0,(t5  Gm.  for  1  Gm.  or  ^or  ti.d  grains  for  10  grains)  of 
the  latter. 


GnAXri-ATEf*  Feru  M  s  ^L'Liuvrt;.     ic>t  \  .  7iij<  *.     This  salt 
difTem  from  otHcial  ferrous  r^tilphate  in  being  in  the  form  of  a  cryi$tal- 
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line  powder  instead  of  large  crystals,  containing,  however,  the  same 
amouut  of  water.  It  is  of  a  much  paler  color  than  the  crystals,  and, 
owing  to  its  mode  of  preparation,  is  less  liable  to  oxidatioD.  The 
washing  of  the  crystalline  powder  with  alcohol  is  for  the  purpose  of 
removing  the  acid  and  uncomhined  water  as  completely  as  possible, 
thus  facilitating  drying;  a  more  effectual  plan  is  to  pour  the  acid 
solution,  when  cold,  into  one-half  its  volume  of  alcohol,  whereby  the 
salt  is  precipitated  and  can  then  be  drained  on  a  strainer  and  washed 
with  diluted  alcohol  until  free  from  acid.  Rapid  drying  in  direct 
sunlight  is  advantageous,  as  it  prevents  oxidation. 

Granulated  ferrous  sulphate  presents  a  convenient  form  for  dis- 
pensing purposes. 

Mass  of  Ferrous  Carbonate.  This  preparation  has  already 
been  considered  on  page  334,  which  see.  The  reaction  occurring  be- 
tween the  two  solutions  of  ferrous  sulphate  and  sodium  carbonate 
may  be  illustrated  thus :  (FeSO,  +  THgO)  +  (NaaCO,  -f  10H,0)  = 
FeCO,  +  Na^SO,  +  ITH.O,  showing  that  277.42  parts  of  cmtal- 
lized  fierrous  sulphate  will  yield  115.73  parts  of  ferrous  carbonate; 
100  Gm.,  therefore,  should  yield  about  42  Gm.  if  none  of  the  pre- 
cipitate .be  lost,  as  277.42  :  115.73  ::  100  :  41.71.  The  object  of 
the  addition  of  syrup  to  the  iron  solution  and  subsequent  washing  of 
the  precipitate  with  sweetened  water  is  to  prevent  oxidation  of  the 
iron  salt,  as  far  as  possible. 

Saccharated  Ferrous  Carbonate.  Although  but  little  used 
at  the  present  time,  this  preparation  is  still  recognized  in  the  Phar- 
macopoeia. It  closely  resembles  the  preceding  preparation,  except 
that  it  occurs  in  powder  form  and  is  directed  to  contain  a  minimum 
limit  of  ferrous  carbonate.  The  official  directions  are  to  pour  a  hot 
solution  of  50  Gm.  of  ferrous  sulphate  into  a  warm  solution  of 
35  Gm.  of  sodium  bicarbonate  contained  in  a  flask,  aiding  decom- 
position by  rotating  the  vessel.  The  precipitate  is  repeatedly  washed 
with  hot  water  until  the  newly  formed  sodium  sulphate  has  been  re- 
moved, after  which  the  precipitate  is  drained,  mixea  with  80  Gni.ot 
sugar,  evaporated  to  dryness,  reduced  to  powder,  and  incorporated 
with  sufficient  sugar  to  make  the  finished  product  weigh  100  Gm. 
The  reaction  differs  from  that  stated  above  in  being  accompanied  by 
evolution  of  carbon  dioxide;  thus,(FeSO,  -p  10H,())-f  2XaHC0s  = 
FeCOg  -^  Na,S(),  +  COg  +  11II,0.  As  the  powder  readily  oxidizes 
if  exposed  to  air,  it  must  be  preseived  in  tightly  stoppered  bottles. 

Tlie  Pharmacopceia  requires  the  presence  of  at  least  15  per  c^ii^ 
of  ferrous  carbonate,  determined  by  dissolving  1.16  Gm.  of  the 
powder  in  diluted  sulphuric  acid  and  titrating  with  potassium  ^^' 
manganate.  Ferrous  sulpliate  is  formed  and  the  subsequent  reaction 
is  identical  with  that  already  explained  under  that  head.  Each  Co. 
y^  IvMnO^  solution,  corresponding  to  0.027742  Gm.  FeSO,- 
lOlIoC),  is  also  equivalent  to  0.011578  Gm.  FeCO,;  hence  15  Cc, 
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will  \)v  reijiiired  to  show  15  per  C3eut  of  1*16  Gm.,  for  15  per  cent 
of  1  Ul  is  u,l74  aocl  0.011573  X  15  =  0J73o85. 

FEFcRurs  Lactate,  Fe(C\HaOs)j  4-  3HjO.  This  stilt  may  l>e 
prej>aretl  l»y  flriiMr  ilecompo^itiun  between  dolntioos  of  (^Uiuiii  liic- 
late  and  ftrrous  sulphate,  the  newly  furiiKtl  calcium  sulphate  l>eiiJg 
<*ompletely  removed  by  addition  of  alcohol  ;  the  filtrate  is  finally 
evaporated  and  crystalli/^.     It  may  also  be  obtained  by  digesting 

Sure  iron  wire  with  diluted  lactic  acid  until  reaction  ceases,  then 
Iteriogp  concentrating,  and  crystallizing  the  si^lution*  In  the  tirst 
pnxM^s  the  reaction  is  as  follows  :  Ca(C3H3()3)^.5HjO^ FeS(),.7HjO 
=  Fc<C,HjO,),  -f  CaSO,  i  l^H^O;  while,  in  the  second  pn>(^4», 
fermu.H  lactate  is  fornud  with  elimination  of  hydrogen;  thu»,  Fe,  + 
4HC\HA  =  2Ff(C,H,O^H   H.. 

Two  varieties  of  ferrous  lactate  occur  id  commerce^  one  in  well-de- 
finetl  crystalline  crusts  and  another  in  the  form  of  a  cryntalline  powder. 
The  fii'st-name^l  is  to  W  pretcrrtd  fur  pharmaceutical  purposes  and  is 
the  kind  officially  recognized ;  it  is,  a^  a  role,  more  soluble  and  less 
likely  to  have  l>ecome  oxidized.  Ferrous  lactate  should  be  preserved 
in  tightly  stoppered  bottles,  in  »  dry  place,  as,  upon  expoenre  to 
mtiist  air,  it  h  gradually  converteij  into  a  ferric  ^alt, 

Tlie  Pharmat'oixeia  demands  that  ferrotis  lactate  shall,  after  hav* 
ing  K-en  moistened  with  nitric  acid,  yield,  upon  ignition,  not  less 
than  27  nor  ujore  than  27.8  per  rent,  of  an  insoluble  residue,  ixm- 
sjsting  of  ferric  oxide  only,  which  indicates  a  pure  salt  of  the  above 
com]Kisition,  as  574.68  (im.  of  crystal  I  iatetl  ferrous  lactate  will  yield 
159.64  Om.  of  ferric  oxide,  which  is  equivalent  to  27,78  per  cent. 

8accharatei>  Febkolts  Iodide.  The  Pharmacoptpia  directs 
that  this  preparation  shall  be  made  by  first  premring  a  solution  of 
ferrous  io<lide,  which  is  then  evaporated,  with  tne  addition  of  sugar 
of  roilk,  to  dryncfs ;  finally  some  riduct^l  iron  is  added  and  enough 
sugar  of  milk  to  bring  the  weight  of  the  finished  protluct  to  100  Gm. 
for  every  17  Gm,  of  iodine  employed*  The  mixture  is  to  be  retlucitl 
to  powder  and  carefully  protcnieil  frt»m  air  and  light. 

When  iodine  is  brought  together  with  an  exit-^s  of  iron,  in  the 
prej-^-nce  of  a  small  quantity  of  water,  the  two  elements  <K>mbitie 
with  the  devcloiifuent  of  lieat,  forming  ferrous  todi<h%  which  dis- 
iH>lves  the  n-nminder  of  the  iotlinc  present  aud  gradually  the  color  of 
the  M»lution  cliungcs  to  pale  gnt*u,  when  all  iodine  has  unitetl  with 
inm  t<»  fi^rni  the  rom|Mt!nid  Fi'l^,  ITnlcss  the  con<vntrat«d  >tiilution 
\h'  mixtMl  with  ,H4>nie  sugar  of  milk  iM'fore  evnporatiiin  todrynei^,  the 
resulting  priMluc't  will  be  a  deliquiseent  tmise*,  diflicult  to  remove 
from  the  caji^ule.     Reduce*!  iron,  to  the  extent  of  1  per  cent,  of  the 

1>ropo,«ied  weight  of  the  finished  product,  is  added  to  prevent,  or  at 
east  retai"d,  sub«?equent  deecim posit iou.    The  6nishid  powder  is  very 
►  hygroscopic  ami  by  no  means  ptTmanent,  and  there  appears  to  be 
lUlii^  or  no  advantage  in  this  preparation  over  the  ^yrop  of  ferrous 
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iodide,  although  it  contains  twice  as  much  of  the  iron  salt  as  the 
latter. 

The  valuation  of  saccharated  ferrous  iodide  is  made  vol u metrically 
by  means  of  silver  nitrate  solution,  silver  iodide  beiu^  precipitated 
and  ferrous  nitrate  remaining  in  solution.  In  the  official  test,  an 
unknown  excess  of  the  silver  solution  is  added,  which  is  determined 
by  means  of  potassium  sulphocyanate  in  the  presence  of  nitric  acid 
and  ferric  alum.  The  addition  of  nitric  acid  prevents  the  coIoratioD 
of  the  liouid  by  the  iron,  and  is  always  employed  when  silver  nitrate 
is  titrated  by  means  of  i>otassium  sulphocyanate  with  ferric  alum  as 
an  indicator. 

In  the  official  determination  of  ferrous  iodide,  both  in  the  saccha- 
rated powder  and  the  syrup  of  that  name,  several  distinct  reactions 
occur,  namely  : 

1.  All  the  iodine  present  is  precipitated  as  silver  iodide ;  thus, 
FeL  -  2AgN03  =  2AgI  +  FelXO^),. 

2.  The  excess  of  silver  nitrate  added  is  determined  by  precipitation 
as  white  silver  sulphocvanate ;  thus,  AgXO,  +  KSCX  =  A<rSCX 
-  KNO,. 

3.  After  all  silver  luis  been  precipitated,  the  least  further  addition 
of  potassium  sulphocyanate  solution  produces  a  permanent  reddish- 
brown  tint,  due  to  the  reaction  with  ferric  alum  and  consequent  for- 
mation of  ferric  sulphocvanate  ;  thus,  Fe2(XHj2(SOJ^  -^6KSCN  = 
Feo(SCX),  -  -  (NH,V,S6,  +  ^K^SO,. 

The  first  equation  indicates  that  each  Cc.  of  -pf  AgXO,  solution 
represents  n.0 15477  dm.  of  FeL  :  a-  the  y^  AorXO,  and  /^  KSCX 
solutions  exactly  dwoinpc^se  each  other,  measure  for  measure,  the 
nunihor  of  Cr.  (►f  the  latter  necc-sary  before  a  permanent  brt>wnish 
tint  ap|K»ars,  siil)tra<'t»il  iVom  tin'  number  of  Cc.  of  silver  solution 
first  ajldttl,  heaves  the  nninl>er  of  Cc  of  j^  A jrNO.,  solution  actually 
usj"*!  for  pnM'ipitation  of  the  iodine,  which  number  multiplied  bv 
O.Oir)477  iii'lir'iite-;  the  weiirht  of  ftTrous  iodide  present  in  the 
sample.  If  l.o')  (iin.  (►f  sa"«'harat<^l  fm-ons  iodide  be  use<l  for  the 
test,  as  dire.tiMl,  :20  Oc  i  22-'2)j>„  Air  X<'>.  solution  will  therefore  Ik? 
re<jiiire«l  t«»  show  20  per  it'ut  ot  F<'I,,  tor  '10  p?r  cent,  of  l.oo  is 
0.:^1  an<l  nolo  177  n.  20  =  n.;^,()9o4.  " 

SvKi'p  or  Fi-:iMior<  I()I>ii>k.  As  already  stated  on  jmane  224, 
this  |)n'paratinn  is  inadr  by  niixinir  a  tVeshly  preparwl  solution  of 
fciToiH  iodidr  with  >iinple  syrup  in  such  ]>ro|>ortions  that  the  mix- 
ture ♦-hall  f'ontain  10  per  eent.  by  weitrlit  of  the  salt.  In  the  pr€?ee<l- 
\W)L  parairraph  tiie  ])reparation  of  solution  of  ferrous  iodide  lias  l>een 
cxplaiiu-il.  No  att.inpt  should  In*  made  to  atld  the  solution  to  the 
syru|)  until  a  |>ale-Lrreen  eolor,  entirely  free  fn>m  brown,  has  l)een 
anjuiP'd  and  all  <Mlnr  of  iodin**  ha<  been  lost.  The  solution,  lieatetl 
to  boiliuir,  .-hould  1m*  filtered  ra])idly  in  a  <"overcMl  funnel,  the  point  of 
whieh  dip-s  bi-lnw  the  surfaet-  ol'  the  syruj>,  in  onler  to  avoid  cH>ntact 
with  the  air  as  fiir  as  p<)ssil)le. 


IE  (XK\ 

Syrup  of  furroim  itnlide  is  proue  to  dt?ii:>mp<»«5ition  if  exJ>oi^ed  to 
mi%  resulting  in  the  uxtdation  of  the  ferrous  into  ferric  siilt,  with 
gradual  lilx^ratroii  of  iodine.  When  thus  changed,  it  can  be  restored 
to  its  original  iX)ndition  by  exposing  it  to  direct  sunlight.  Thesyrnp 
should  l>e  pi-escTveil  in  i^niall,  completely  illle<l,a!ul  tightly  stopptrcd 
viaiH,  Various  additions  have  bivn  suggejsttil  to  prevent  a  change 
of  the  finisheii  syrup,  such  as  bright  iron  \vii*c,  glycerin,  citric  acid> 
et*\,  but  the  lR*8t  results  thus  far  have  l)eeu  obtained  by  the  use  of 
pure  glutxise  in  plate  of  uue-half  of  the  simple  syrup  required;  syrup 
thus?  prej»aitd  ha^j  liei^n  expohtnl  in  ha  If- filled  pint  bottles  to  diffusetl 
daylight  tor  stveral  months,  by  G.  H.  Klie,  of  St  Louis,  without 
undergoing  any  a|>|mnnt  change. 

The  valuation  ot  syrup  of  fernnis  iodide  i§  conducted  in  exactly 
the  fame  manner  as  given  and  explained  under  the  preceding  article* 
As  the  syrup  c*ontains  only  10  per  cent,  of  ferrous  iodide,  only  one- 
half  as  much  dec! normal  silver  nitrate  solution  will  be  required  as 
for  a  like  weight  of  tlie  saccharateil  powder. 

Compound  Iron  Mixture.  This  preparation  has  already  been 
considered  on  page  llOd  ( wliich  S4X').  When  freshly  made,  each  cubic 
centimeter  contains  alxuit  iX0025  (im,  of  ferrous  carlx>nate  (about 
1J4  grains  in  each  llutdounce. 

Fekric  AjtfMoxiUM  S!Tij>HATE.  Fe,(XH,),(SO,).  +  24H,0.  This 
salt,  rtiiembUng  ordinary  alum  somewhat  in  chemical  eon.sti  tut  ion /is 
obtained  by  dissolving  ammonium  sulphate  in  a  boiling  hot  solution 
of  ferric  .sulphate  and  netting  the  liquid  aside  to  crj^stalli/^e.  If  a 
slight  addition  of  sulphuric  acid  \ye  made  to  the  solution,  the  crystals 
obtainetl  will  be  moi*e  perfect  in  form  and  color. 

The  crystals  are  liable  to  deterioration  bv  exposure  to  air  and 
heat,  hence  they  should  Ix^  preserved  in  tightly  stopperetl  bottles,  in 
a  cool  place;  when  recently  obtained  or  carefully  preserve*!,  they  are 
of  a  Ixautiful  pale-violet  or  hyacinthine  CM>lor,  but  their  solution  in 
water  is  of  n  brownish-yellow  color,  gnidtinlly  clianging  to  red  and 
dcfKi>^iting  u  basic  8alt. 

Ferric  ammonium  suIphaU'^  also  known  as  ferric  alum  or  ammonio- 
ferrif*  ahun^  should  contain  not  le^s  than  1 1.6  |>er  cTut.  of  metallic 
iron  in  the  form  of  ferric  sulphate.  Tlic  iron  is  determined  volu- 
raetric^lly  by  theiodomelric  methiK],  winch  hasaln^ady  f)een  explained 
in  n  "  £1  with  till*  valimtion  of  reilucnl  iron.     The  addition  of 

h><ii  iicid^  prcsjiTilxd  by  the   FhartnacoptTpia,  is  not  essential 

for  ihi?  rcjiction,  i>ui  tacilitates  the  same  by  converting  the  terri*'  sul- 
phate into  cbloritle,  the  latter  tsalt  decom[>osing  potassium  imlide 
more  readily  than  tlie  former.  Since  each  Cc  of  A  Na^O,  soludoQ 
repn»sentfi  0.OO5588  Gm.  of  metallic  iron,  not  less  than  11.6  Cc. 
should  bf"  reqtiirtJ  to  discharge  the  ecdor  of  imlinc  c»*mplctely  in  the 
•  official  t  Gm.  of  the  .^^It  lieing  ii-  1Kb  per  cent,  of 

WMh^  md  n.«  X  O.UU558S=:*>  i. 
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Ferric  Chloride.  FejCl,  +  r2HjO.  The  official  directions 
for  pre|)ariijg  this  salt  consist  in  maceration  of  bright  irou  wire 
with  ahK)Ut  3J  times  its  weight  of  hydrochloric  acid,  moderatelj 
diluted  with  water,  oxidation  of  the  resulting  solution  by  means  of 
nitric  and  hydrocrhloric  acids  and  finally,  after  addition  of  a  little 
more  liydrcichloric  acid,  evaporating  the  liquid  to  a  definite  weight 
and  allowing  it  to  crystallize. 

The  mixture  of  iron  15  Gm.,  hydnxjhloric  acid  54  Gm.  and  water 
25  Gm.,  is  kept  in  a  mcKlerately  warm  place  as  long  as  efiervescence 
continues,  which  is  due  to  the  escape  of  hydrogen,  the  ferrous  chlor- 
ide formed  dissolving  in  the  water ;  the  equation,  Fe,  -f-  4HC1  = 
2FeCl2  +  H^,  illustrates  the  reaction.  Not  all  the  iron  is  dissolved. 
an  excess  Ijeing  purposely  directed  in  the  Pharmacopceia  to  facilitate 
the  reaction.  The  object  of  heating  the  liquid  to  the  boiling-point 
l^fore  filtration  and  washing  the  flask  and  filter  with  hot  water,  is  to 
insure  complete  solution  of  all  ferrous  chloride  formed,  as  it  some- 
times crystallizes,  owing  to  the  density  of  the  solution,  especially  in 
cold  weather.  The  further  addition  of  hydri)chloric  acia  28  (Jm., 
should  be  made  without  delay,  so  as  to  avoid  the  formation  and  de- 
posit of  ferric  oxychloride,  since  the  ferrous  chloride  solution  is 
readily  oxidized  by  the  air.  The  liquid,  which  has  now  assumed  a 
deep  green  color,  is  poun^  slowly  into  a  porcelain  dish  containing 
8  Gm.  of  nitric  acid,  and  then  warmed.  A  change  in  color  to  reddish- 
brown  at  once  (K^curs,  owing  to  the  conversion  of  the  ferrous  into 
ferric  chloride,  accomj)anied  by  effervescence  and  escape  of  red  fumes 
which  inav  l)e  illustratctl  bv  the  tollowinu:  ccpiation  :  GFeCIj  —  6HC1 

2HN(J3=  ;]Fc2Cl«  -  2X()  -  4H,0.  The  red  fumes  are  due  to 
uitn^geii  totroxidf,  XOj  or  X./.),,  rtsiilting  from  a  union  of  nitric 
oxidr,  NO,  with  some  of  the  oxy»:(Mi  of  the  air. 

It  frifjiiently  hiipjH'ns  that  the  color  of  the  liquid  remains  blackish 
for  .some  tiinc  ;  this  is  due  citluT  to  a  union  of  ferrous  chloride  with 
nitric  oxide,  in  which  case  it  disappears  upon  further  heating  as  oxi- 
dation pro;rri'sses,  or,  it  may  he,  to  an  iiisiitlicicncy  of  nitric  acid  and 
consequent  imperfect  oxidati<»n. 

To  remove  all  nitro;ien  eonipounds,  the  liquid  is  heated  on  a  sand- 
hath  until  Irce  from  nitrnns  cxlor,  after  whieli  it  is  testctl  for  ferrous 
siilt,  a>  |>res(Tihrd,  and,  if  more  nitric  arid  is  m-ivssary,  this  should  lie 
ad(le<l  drop  hy  drop  to  the  \u)X  liqui^l  and  only  as  long  as  efferves- 
cen<-c  results,  as  an  exci*>rt  of  nitric  acid  is  not  rea<lily  removed.  If 
ferrous  silt  i*^  lonnd  ahsent,  a  test  for  nitric  acid  should  be  made  and, 
if  present,  the  liquid  nui>t  he  boiled  on  a  saiul-bath  until  entirelv 
frcH*  tluMeiVoni  ;  thi-^  i-^  ])referal)ly  d(Hie  with  careful  addition  of  small 
quantities  of  hydnwhloric  acid,  which  facilitates  the  expulsion  of 
nitric  acid  hy  decoin])osing  it,  and  prevents  the  f<)rmation  of  oxv- 
chloride.  Should  the  li«jni<l,  up<ui  l)oiliu«x  to  [\w  it  from  nitric  acid 
se[)arate  a  hlackish-hrown  dcpo-^it  on  tln' sides  or  lM)ttom  of  the  dish 
this  W(Mild  indicate  ferric  oxychloride,  which  can  only  l)e  oven?orae 
by  c:irefnl  addition  of  hydrochloric  acid  to  the  hot  liquid  until  a  one- 


(li^r  venL  soliitioD  of  the  latter  m  water  remains  el^r  upon  boiliog 

Tlie  (lual  additioii  of  5  Gm.  of  hydrcichloric  add  to  the  liquid  is 
fur  I  he  |njrjK>9eof  tvreveutinjt^  iJie  formaticm  of  ferric  oxyehloride  liy 
havinjj:  an  exoesn  ot  the  acid  jm?8ent.  Allhuugh  the  Pharnmcopceia 
di reels  the  addition  of  water,  it  is  often  found  neeessary,  panic- 
ularly  if  ofljeial  acids  have  l)een  us(^l  and  the  pri»ce8^  eareftilly  con- 
ducted, to  evaporate  the  Bolutioa  in  order  to  obtain  60  Gm.  of  litjuid. 
Ex}>erience  has  shown  that  better  resiiltf*  are  obtained  if  a  solution 
containing  fJO  per  cent,  of  anhydrous  ferric  chloride  be  set  aside  to 
absorb  the  recpiisite  amount  of  water  for  crystallization  than  if  it  l*e 
evaporated  to  the  crystallizing  point.  The  theoretii*aI  yield  of  tiie 
official  forrania  is  about  65  (ira*  (fj4*6)  of  the  crystiilh'zc<J  salt,  pro- 
%^idcd  hydrochloric  acid  of  otB(*ial  strength  has  U*cn  employed* 

Ferric  chloride  is  a  very  deliquescent  stdt  and.  upon  exposure  to 
.Bimlighty  is  gnidunlly  rc«1u<tMl  to  ferrous  ehlori<lc,  hence  it  must  Ije 
•■preservcil  in  tiglitly  stoppere^J  iMjttlcs  protected  from  light;  c'orks 
(^latefl  with  jiaraffin  are  preferable  to  ^hss  stoppers. 

The  Pharmacopoeia  requires  that  20  \K*r  cent,  of  metallic  iron 
shall  \)i*  represented  in  the  salt,  which  is  tleti^rmined  by  the  iodo- 
inctric  method  already  explained  on  [lage  4«^H.  Tliet^rj nation  (FcjCIa 
^12H,<))-f  2KI^' J,4-2PiiCM3+2K(n  shows  that  539.5  parts 
of  the  otticial  salt  will  liU^mte  2'»3.0f>  \mriA  of  itHltneaud,  as  each  Cc. 
y^  Xa^O,  solution  n>rri^[>uiid*«  t*»  Crxifjo^i^  ihn.  of  metallic  inm, 
20  Cc,  should  \n}  itHjuirod  to  deei^lorijce  the  iodine  liberated  by  0.56 
Gm.  of  crystallised  ferric  chloride  ^f  '^*-  i^MN^  composition. 


FERkic  Citrate.     This  prepaniti  >  lintxj  by  evai>oi'atiug 

tlie  official  solution  of  ferric  citrate  to  ,  .  consistence  and  then 

ru-oading  the  liquid  on  gla^  plates  by  means  of  a  broad  flat  brusii, 
ttnd  drying,  in  suitable  arytng-closels,  at  a  moderate  tempt»rature,  so 
that  the  salt  will  be  obtained  in  perfect  scales,  A  temj>erature  ex- 
tt»e<ling  60°  tl  (140^  F.)  should  not  bcempioye*!,  otherwise  the  salt 
will  Uj  slowly  reduced  to  a  ferrous  compound.  The  usmd  yield  is 
from  42  to  44  fier  cent,  of  the  wciglit  of  solution  cViii>onit«.Hl,  and 
faihirc  to  obtain  jK'rfcct  *i<iiles^  may  lx»  due  to  insufficient  nmcH'ntnition 
of  the  liquid  lx*fore  spreading  it  on  glass  or  too  high  a  lemjientture 
in  drying. 

Although  nil  st^le  sidts  of  inui  cimtain  wat*T  of  hydrntion,  the 
imotnit  pn*sent  vari*^,  f»ot  onlv  fordincrciil  sjilts,  hutnlsi»for  tlilFcr- 
nt  lot:*  of  tin*  same  ?^lt»  ami  i*  d*qH*ndent  upon  the  tcmpemttuv 
rnplovHl  in  sc'siling,  sti!i?4<ip4ent  ex(»4isur«%  ele.  :  no  definite  fornmli 
PfxpreHsing  the  cH>m|HiKition  of  the  sc^ale  salts  of  iron  Ihenlurc 
mu  Ik*  given.  (Carefully  prt*|iartHl  ferric  citrate  wim  found  by 
F.  H.  PowtT  to  Cimtain  HL!)  |H*r  cent,  of  water,  which  would  eorre- 
fpond  very  iieMrlv  in  the  fMrniula,  Fe/(^^Hj()*);.  -  12H.X>,  while 
orot  4  and  lo2  |h  r  *i  nt       In 

ItJin        ^  ,      itur^'of  iOn^(\i:212^  F.) 
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The  Pharraao»p<i^in^  with  the  view  of  t^ononiiziDg  time  in  vases  of 
emergency,  reeommend-s  that  the  dihite  suhitioa  ol'  ferric  sulj>hat« 
and  the  mlxtiire  of  magnesia  and  water  be  always  kept  on  band, 
ready  for  inimeiliate  use.  The  former  cx)iij*ists  of  50  Cc.  of  the  offi- 
cial .^Itilion  of  ferric  sulphate  and  100  Cc.  of  water ;  the  latter,  of 
10  Gm.  of  calcined  magnesia  added  to  750  Cc,  of  water. 

Ferric  nYi\>PH(>spiirrE,  This  salt  can  be  conveniently  prejuired 
by  a  methcxl  proposal  by  F,  X.  Moerk,  in  1889,  which  consists  in 

S lacing  30  Gm,  of  calcium  hyjx)pht*8phite  in  a  flask  with  100  Ce.  of 
istilled  water  and  adding  gradually  49.5  Gm.  of  the  official  ferric 
chloride  milntion,  shakit»g  well  after  each  addition.  The  mixture  is 
allowed  to  stand  for  tlii*ee  days,  with  t>et|uent  agitation,  then  tiltere<l 
and  washed  until  all  mlcium  has  l)een  removed.  The  yield  by  this 
method  is  large  and  the  product  fully  up  to  the  official  re<juirementa. 
It  was  at  one  time  suggested  that  ferric  hyiK>phosphite  could  l>e 
made  by  mixing  solutions  of  calcium  liypophosphite  and  ferrous 
sulphate,  removing  the  prc<^pitiite<l  calcium  sulj)liate  by  fdtratiou  and 
evaporating  the  s«dution  of  tcrrous  hvjwpliosphite  to  drvnei*s.  It 
was  supposGd  that  the  ferrous  salt  was,  In*  oxidation  durln*^  the 
evai)orationi  converted  into  ferric  hypophoHphite ;  but,  instead  of  the 
normal  salt,  a  basic  hypophosphite,  Fe30(Pir^O2)4,  is  obtained,  for 
want  of  n  sufficiency  of  acid,  as  is  similarly  the  t^ase  with  the  officiiU 
solution  of  ferric  subsulphate.  Double  decomposition  of  solutions 
of  ferric  sulphate  or  chloride  and  smlium  hypo[iliospl»iti*  is  also  im- 

}>racticiible,  as  the  freshly  pi-eeipitatcil  terric  hypophc*spliite  has  Ijeen 
bund  (]utte  soluble  in  water,  thus  considerable  loss  would  be  entaileil 
during  the  necessary  washing  of  the  precipitate. 

Ferric  hy|>ophosphitc  is  sparingly  solul»le  in  water,  but  dissolves 
readily  in  a  warm  strong  solution  of  an  alkali  citrate  and,  in  this 
form,  is  used  in  the  preparation  of  certain  syrups. 

The  PharmacopciMa  retpiires  the  official  salt  to  contain  98.1  per 
cent,  of  absolute  Fe2(PHj02)^,  which  is  determined  volumetricaily 
with  potifliium  ]iermanganate,  as  in  thecaseof  other  hv|>opho§phite6. 
The  following  equation,  SFc^PIUX),  +  24KMnO/4  3^H-^'?0,= 
5Fe^PO,),  +  20H,PO,^  12K/^>.  |\MMnSO,-f36II.O,  shows  that 
2505.2  jiarts  of  ferric  hypoplios|ihi<e  n?«|ui re  3784.08  {wirtsof  potas- 
sium p.Tmang?inate  for  complete  oxidation,  hence  each  C<3.  of 
A  KilnO^  solution  corrcspoiwls  to  0.0020877  Gm.  of  KcjCPHp^V 
In  the  official  ti^t,  0.1  Cfm.  of  tlie  .^dt  ^)eing  used,  47  Ca  (50-3)  will 
be  nM|uire<l  to  show  98.1  per  cvni.,  for  98.1  perceol.of  0,1  is  0.0981 
and  0.0020877  X  47  =0.0081219. 

Feuric  pHtwpHATE,  SoLnuLK.  The  official  iihosj»hat*»  of  iron, 
which  occurs  in  sade  torm  and  is  soluble  in  water,  must  not  be  con- 
founded with  the  ins4jluble  commercial  article  of  a  similar  name. 
The  latter  bi  a  ^  '       I  powder  nf  variable  <  Int- 

ing  of  a  mixthi  Je  terrous  and  ferric  |  icd 
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jihate  also  oci^urs  on  tlie  market  (akliough  rarely),  in  the  form  of  a 
white  iDsoluble  |K)wder. 

The  amount  of  iron  present  in  this  preparation  is  required  by  the 
Pharmacopoeia  to  be  equivalent  to  10  |>er  e<'nt.  of  metallic  iron. 
The  method  of  determination  differs  from  llmt  de8ija;nated  for  the  other 
fitnle  salts  of  iron,  in  directing  the  addition  of  a  much  lai^r  projjor- 
tion  of  hydrochloric  aerd ;  this  is  done  to  insure  complete  siihition 
and  ctinversion  into  chloride  of  the  true  fcTric  pyrophosphate,  which 
IS  pi-ecipitated  on  tl^e  first  addition  of  the  acid.  The  use  of  a  larger 
amount  of  acid  also  demands  the  subsequent  addition  of  more  water, 
so  as  to  avoid  any  risk  of  decomposition  of  the  potassium  iodide  by 
the  strong  acid  itWlf 

Ferric  Yalkrianate.  This  salt  is  best  obtained  by  double  dc^ 
compc7sition  bfitweeii  cold  solutions  of  terric  sulphate  and  sodium 
valerianate,  washing  the  resulting  precipitate  with  a  little  cold  water 
and  drying  at  a  mmlerate  lemperattjre.  The  composition  of  ferric 
valerianate  is  variable,  dejiending  upon  tljc  care  employed  in  washing 
the  precipitate  and  the  tem|>erature  at  which  it  is  dried.  The  normal 
salt  would  have  the  com ixuni tion,  Fe2(C4H^O,)„  but  the  commercial 
product  is  often  mixed  with  Imsic  salt,  as  shown  by  its  increased 
yield  of  ferric  oxide  upon  ignition. 

Ferric  valerianate  is  rarely  used  in  other  than  pill-form,  although 
it  is  readily  soluble  in  alwhol.  Owing  to  tlie  variable  e4>ui|H>^ition 
of  the  salt  the  l*harmacopj:!ia  allows  a  variation  of  5  per  cent,  in 
the  amount  of  metallic  iron  represented,  requiring  the  same  to  be  not 
loss  than  15  nor  more  than  20  per  cent. 

Irox  Aim  Ammonium  Citrate.  This  preparation  resembles  the 
official  ferric  citrate,  in  appearance,  but  h  tar  more  readily  soluble 
than  it  in  cold  water.  It  is  obtained  by  mixing  10  volumes  of  solu- 
tion of  feme  ettnite  with  4  volumes  of  10  per  cent,  ammonia  watef, 
oonnrntrating  and  scaling  the  solution  exactly  as  in  the  case  of  ferric 
citrate*  The  resulting  protluet  must  of  n*?cessity  be  of  variable 
OomiKisition,  Ixith  as  regards  the  amount  of  water  of  hydnition 
and  also  the  relative  proportions  of  fiLTrfc  and  ammouium  citmti'S 
pn*sent. 

The  official  tille,  iron  and  ammonium  citrate,  would  indiitateatrue 
doubh*  sidt,  whicfi,  when  unhydrous,  should  l>e  of  uniform  compo- 
sition ;  such  is  mil  the  itise,  however,  nnd,  as  the  F^harmacoptna  re- 
quires the  c*om[Mjund  to  <*ontain  «*xu(tly  the  same  relative  aoKiunt  of 
iron  a."*  the  plain  ft^rric  citniti%  there  i-annot  be  much  ammoniom 
citrate  present.  The  name*  g4)luble  ferric  citrate  ap[)ears  more  appro- 
priate and  serves  to  distinguish  it  from  the  ]em  soluble  article.  In- 
asmuch as  ferric  citrate  is  very  rarely  used  in  any  other  torm  than 
that  of  solution,  it  seems  suprHuous  to  Imve  two  preparations  ao 
nearly  iilentical  and  differing  from  each  other  chiefly  in  degree  of 
sotuhilltv. 
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Iron  and  aoimouiuin  citrate  is  more  hygroscopic  than  ferric;  citraie, 
and,  upon  expa-sure  to  air,  rapidly  U>8t8  ammonia  and  becDOK^  im 
soluble,  bcni^  it  must  he  preserved  in  tightly  stoppered  bciCiliis; 
light  al&o  hiLs  a  deleterious  etiect  upon  it.     If  at  ativ  ^'  '     at^ 

Bait  has  sulfered   by  age  or  eareless  exposure,   reauj  u  lac 

UBually  be  etfe<.*ted  by  the  cautions  addition  of  »  drop  or  two  of  uh 
mouia  water  to  tlie  residue. 

Irox  and  Ammonium  Tartrate.     In  the  official   for  i  .   i.i     r 
the  manufacture  of  this  iswde  .sidt^  the  first  step  is  the  prepariit     i 
ferric  hydroxide  from  100  Ce.  of  sohition  of  ierrio  siilphatt^^  n 
has  ali'eady  Ijeen  explaiuetl  on  page  496  ;  the  next  ^t<  p  is  to  ftj 
solution  of  acid  ammonium  tartrate  by  neutralizing  a   »iolae 
14.5  Gm.  of  tartaric  acid  exactly  with  ammonia  iviiter  and  aiim  -. 
to  this  another  like  weight  of  tartaric  acid.     The  well-waAlied  f**rrr 
hydroxide  is  then  added  in  succt'ssive  portions  to  the  ^^    ■'    ■ 
ammouinm  tartrate  and  dissnlved  with  the  aid  of  u   n 
after  which  the  solution  is  treated  as  in  tlie  case  of  the  oib* : 
salts  of  iron. 

The  reaction  occurring  mav  Ik*  illustrated  by  the  ff>l lowing'  ' 
tion:    Fe,(OU),^2NHJiCXO«=2NH,(Fe6)C,n,0.  1    -" 
whicli  tljo  ^rotip  Fe(3,  to  which  the  name  ierryl  has  bei*fi  - 
as  a  univalent  railieal,  like  antimony  1.     The  Sf'iile  eoiir 
carefully  deprived  of  all   water,  probably  has  the  con  ^  __.:. 
prcflsed'by  the  formula,  NH.(FeO)C,Hp,. 

Iron  and  ammonium  tartrate  ii^  a  deliqiiesci^nt  oomfKiund, 
ing  the  cai'eful  exilusion  of  air  and  light.  Like  irrjo  and  amr 
citrate  it  is  apt  by  agi»  and  exposure  to  l>et\>me  acid  in  elianii'tcr,  i 
will  then  need  the  careful  addition  of  a  little  ammonia  water  to  n*- 
store  neutrality  and  ciT'<Ht  n^okition.  It  contain!*  a  lai-gcr  proportioe 
of  iron  than  any  other  official  scale  salt,  the  Pharraacap^i^ia  nx|uif' 
iilg  the  equivalent  of  17  per  cent*  of  metallic  iron. 

Iron  and  Potassium  Tartrate.  The  ofl5<*ial  prociiSH  I 
preparation  of  this  c<jmpouud  i^  very  similar  to  that  j^iven  1 
preceding  scale  salt,  exet*[it  iliat  acid  potassium  tartrate  is  u 
place  of  acid  ammonium  tartrate.  The  hot  solution  of  iix 
pota$iiiinm  tartrate  is  not  at  onoe  concentrated  and  spread  ob 
but  fdtered  and  set  aside  for  24  hours  to  cool ;  durinj^  this 
I  t PS  and  the  liipiid    l)€»eomes  acid.      lT|Xjn 

I  iimmonia  water  a  prfect  solution  is  again  prodlMMl, 

whic'h  is  tlirn  con<Tnlrate<J  and  Hcaled, 

Iron  and  {Mjtassium  tartrate  is  reetignized  in  the  BritiBh  Phn'^*-- 
copoeia  under  the  name  Fernim  Tartanitura,  and  is  so  prc^icriK 
Onmt   Britain.     It  <)<Niisionally  hap(>end  that,  n^  in  the  enjie 
pn*<HHlit»p;Haltf  it  haslMHsimea^/idarid  iliflicultly  soluble,  prnli*t|,Jy 
to  f-areh^-*  pn-fttTvatiou  ;  in   sut'h  n   crvse  a   few  di 
water  cart; fully  ad* let!  to  th<'  residue  will  n^nton*  ft'Tr 
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The  theoretif-al  composition  of  the  salt  when  anhy<Iroiis  is  K(FeO) 
C|H,0<,  baseil  upon  the  *x[ nation,  Fe/OH)^  -  2KHC4H/)^=^ 
2K(FeO)C,Hp,-f  4H2O,  Like  al!  tlie  other  senile  salts  of  iron,  it  con- 
tains variable  proportions  of  water.  The  I^harmacojueia  requires  tlie 
presence  of  an  amount  of  iron  in  combination  eorrespotKling  to  15 
per  cent,  of  metallic  iron. 

luos  AN*D  Quinine  Citrate.  The  official  scale  compound  of 
tliis  name  is  imfamillar  to  many  pharmaelnt^  who  have  l)een  in  the 
habit  of  handling  only  the  so-calleil  wduble  variety.  It  is  prepared 
by  dissolvinji  12  Urn.  of  dry  quinine  (pure  alkah>icf)  in  a  strong  s<»hi- 
tion  of  Ho  Gm.  of  ferric  citrate,  with  the  aid  of  :i  Om  of  citric  a<^id. 


concent  rat  intr  the  solution  on  a  water-l>ath  to  a^  syrupy  nmaistcnce, 

and  finally  scali  "  "" 

to  be  l(X)'(;m. 


and  final  I  y  scaling  the  same  on  plates  of  glass.     The 


rupy  ami 
yield  is  i 


intended 
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The  official  iron  and  quinine  citrate  is  intended  chiefly  to  be  used 
in  the  form  of  pills,  tabiet>^,  etc,  but  not  in  solution;  for,  although 
it  is  completely  :*<)luble  in  water,  it  dissolves  very  slowly.  It  is  of  a 
peildish-brown  tH>lor,  somewhat  resembling  ferric  citrate  in  appear- 
ancv,  and  deliquesces  slowly  in  damp  air. 

Tlic  PharmacijpcBia  demands  that  the  s^^de  salt  shall  c*ontain  not 
less  tlian  11,5  per  cent,  of  dried  quinine  and  an  amount  of  iron  cor* 
responding  to  14.5  per  t^ut.  of  that  metal.  Butli  am  be  determinetl 
in  one  sample,  the  quinine  gravi metrically  and  the  iron  by  tiie  iod«>- 
metric  methcid,  and  thus  much  time  and  lalx»r  save<l.  The  oflicial 
estimation  of  the  quinine  is  easily  accom pi islied  ;  the  addition  of  am- 
monia water  to  a  solution  of  the  salt  precipitates  the  quinine  as  alka* 
loid,  which,  dissolving  readily  in  the  chloroform,  can  be  withdrawn 
and  the  tniitment  with  chloroform  rejjcated  twice,  so  as  to  insure  tlie 
c^ymplete  removal  of  the  al kahnd.  A  globular  scjwirator  (see  Fig.  1 38, 
page  145)  is  l>etter  adaptinl  for  tlie  opc^miion  than  one  of  cyUndrit^l 
shape,  as,  by  simple  rotation,  the  two  liquids  are  brought  into  suffi- 
ciently intimate  contact  for  al>straction  of  the  alkaloid  by  the  chloro- 
form, and  se|mration  taken  place  rapidly  ;  if  shaking  must  l>e  resorted 
to,  it  frequently  ha[>[H»nH  that  an  emulsion  results,  which  rtM|uirescon- 
'fiiderablc  time  for  st|>aration.  Owing  to  the  low  boiling-[>oint  of 
chloroform  (fJO**  C\  (140'*  F.)  ),  the  liquid  should  be  evaporatetl  with 
mfxlerate  heat  only,  so  as  to  avoid  Ioks  by  spurting,  the  i*esidue  being 
afterwani  dried  at  100^  C  (212^  F.)  to  constant  weight. 

The  residuary  aquetxus  liquid  retain*  all  the  ierric  citrate,  and.  If 
2C}  Cc,  of  the  same  be  us^d,  after  remo%^al  of  all  the  chloroform  and 
ammonia  and  dilution  to  5<>  ( V\,  this  will  represent  exactly  one-half 
of  the  scale  salt  originally  used,  and  therefore  14,5  Cc.  of  ,^5,  Xa^SjO^ 
solution  will  lie  necessary  to  indicate  14,5  per  cent  of  metallic  iron, 
1.12  Urn,  having  k)cen  used  in  the  test  Onebalf  of  1.12  is  0.5G  and 
14.5  pet  ot»nt.  of  O.ofi  Is  0  0812 ;  hence,  as  each  Cc.  of  ^^  Na^SjO, 
soluti«»n  n*pn-  -^  Gra,  of  metallic  iron,  14.5  Gc,  will  be 

equivalent  to «  _  1. 
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Soluble  Iron  and  Quinine  Citrate.  As  stated  before,  this 
is  the  salt  generally  dispensed  by  pharmacists^  and  is,  in  fact,  the 
article  usually  sold  by  the  jobber  when  citrate  of  iron  and  quinine  is 
ordered.  The  Pharmacopoeia  has  added  the  adjective  "  soluble  "  to  the 
title  of  this  salt  to  distinguish  it  from  the  less  soluble  reddish-brown 
variety ;  when  the  latter  is  wanted,  pharmacists  should  always  specify 
it  by  adding  the  letters  U.  S.  P.  to  the  name. 

Soluble  iron  and  quinine  citrate  differs  in  composition  from  the 
preceding  salt  only  in  containing  ammonia^  which  is  combined  with 
citric  acid,  wherebv  the  solubility  of  the  compound  is  greatly  in- 
creased, just  as  in  the  case  of  iron  and  ammonium  citrate.  The  am- 
monia water  is  added  to  the  solution  of  iron  and  quinine  citrate  first 
prepared  as  long  as  the  precipitate  formed  is  redissolved  ;  an  excess 
of  ammonia  must  be  carefully  avoided.  The  solution  acquires  a 
greenish-yellow  color  and  yields  greenish,  golden-yellow  scales,  which 
readily  absorb  moisture  upon  exposure  to  the  air  and  are  rapidly  sol- 
uble in  cold  water. 

The  estimation  of  the  iron  and  quinine  is  made  exactly  as  in  the 
plain  iron  and  quinine  citrate,  the  required  proportion  of  each  being 
identical  in  both  salts. 

Iron  and  Strychnine  Citrate.  For  the  preparation  of  this 
compound  the  Pharmacopoeia  directs  the  use  of  iron  and  ammoninm 
citrate,  in  order  to  obtain  at  once  a  readily  soluble  product ;  1  Gra. 
each  of  strychnine  and  citric  acid  are  dissolved  in  about  20  Cc.  of 
water  and  added  to  a  solution  of  98  Gm.  of  iron  and  ammoDium 
citrate  in  its  own  weight  of  water,  the  mixed  liquids  being  concen- 
trated and  scaled  on  glass  like  other  scale  salts. 

The  Pharmacopoeia  requires  for  this  preparation  the  presence  of 
not  less  than  0.9  nor  more  than  1  per  cent,  of  strychnine  and  a  pro- 
portion of  ferric  citrate  corresponding  to  16  per  cent,  of  metallic  iron. 
The  assay  is  made  in  the  same  manner  as  prescribed  for  iron  and 
quinine  citrate. 

Solution  of  Ferric  Acetate.  An  aqueous  solution  of  ferric 
acetate,  Fe2(C2H302)6,  containing  about  31  per  cent,  of  the  anhydrous 
salt.  The  Pharmacopoeia  directs  that  it  be  prepared  by  dissolving 
well-washed  ferric  hydroxide  in  glacial  acetic  acid,  and  since  the 
presence  of  even  traces  of  ammonium  salts  has  been  found  to  inter- 
fere with  the  stability  of  the  solution,  the  precipitated  hydroxide  is 
directed  to  be  washed  with  boiling  water  until  a  reaction  for  ammo- 
nium compounds  can  no  longer  be  obtained  in  the  washings.  This 
is  an  important  part  of  the  process,  as  experiments  made  with  this 
preparation  a  few  years  ago  demonstrated  the  fact  that  a  solution 
made  with  ferric  hydroxide  absolutely  free  from  ammonium  aud 
other  alkali  compounds  remained  clear,  even  when  exposed  to  the 
heat  of  a  boiling-water  bath  for  some  time,  while  solutions  prepared 
with  imperfectly  washed  ferric  hydroxide  bc^n  to  deposit  basic  ferric 
acetate,  even  at  a  moderate  elevation  of  temperature  in  a  short  time. 
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The  complete  removal  of  ammonium  sulphate  from  ferric  hydroxide 
with  cNild  water  h  oat  readily  accomplished,  and  although  the  treat- 
ment with  lioiling  water  renders  the  precipitate  more  com |iact,  chang- 
ing it  to  an  oxybydrate*  there  will  be  no  difficulty  in  diasolving  it 
in  the  glacial  acetic  acid. 

The  official  solution  of  ferric  acetate  hasaspecificgravity  of  about 
L16,  at  15°  C  (59°  F,),  and  contains,  in  each  O,,  very  nearly  0.36 
Gra,  of  anhydrous  ferric  acetate,  or  alx)ut  164  grains  in  each  fluid- 
ounce.  The  Pharraacoj>oefa  rcquin^  the  solution  to  contain  the 
equivalent  of  7.5  per  pent,  of  metallic  iron,  which  is  determined  by 
the  iixlometric  raetliod,  after  conversion  of  the  ferric  acetate  into  ferric 
chloride^  by  mmns  of  hydrochloric  acid. 

SoLDTioi^  OF  Ferric  Chloride.  An  aqueous  solution  of  ferric 
chloride,  Fe^CI^,  containing  about  37.8  |3er  cent  of  the  anhvdrous 
aalt.  The  preparation  of  this  solution  has  already  been  iully  ex- 
plained under  Ferric  Cldoride  (see  i)age  494)  ;  the  two  preparations 
are  made  exactly  alike,  except  that  in  the  case  of  dry  ferric  chloride 
the  solution  is  evajiorated  to  a  certain  weight  and  allowed  to  crystal- 
liise,  while  in  the  case  of  the  official  solution  it  is  brought  up  to  a 
certain  density,  by  the  addition  of  water,  if  neceesary. 

Solution  of  ferric  chloride  contains  a  small  amount  of  free  hydro- 
chloric acid,  but  should  be  absolutely  fi^ee  from  ferrous  salt  and  ferric 
oxychloride,  as  well  as  nitric  acid  and  other  nitrogen  compounds. 
Commercial  solutions  of  ferric  chloride  are  frequently  contaminated 
with  ferric  oxychloride  and  nitrons  odors  are  often  perceptible. 

The  official  solution  has  a  specific  gravity  of  about  1,387,  at  15°  C, 
(59*^  F.),and  c^ontaiui^  nearly  0. 524  Gra,  of  anhydrous  ferric  chloride 
in  each  Cc.,  or  about  240  srraius  in  each  fluidounoej  its  chief  use  in 
pliarmacv  is  for  the  preparation  of  the  tincture  of  ferric  chloride. 
The  Pharma(x>p(Bia  requires  that  the  solution  shall  contain  an  amount 
of  ferric  chloride  corresponding  to  13  per  cent,  of  metallic  iron,  which 
is  determined  exactly  as  in  the  case  of  the  dry  salt. 

Sf>LUTiox  OF  Ferric  Citrate.  An  aquet^ns  solution  of  ferric 
citmte  containing  about  32,8m  per  cent,  of  the  anhydrous  sail, 
Fe2(C^HjO,)j,  which  corresponds  to  7.5  per  cent,  of  metallic  iron, 
together  with  a  slight  excess  of  citric  acid.  This  solution  is  preparetl 
in  a  very  similar  manner  to  solution  of  ferric  acetite,  except  that 
citric  acid  is  used  in  place  of  glacial  ac«?tic  acid  an<l  that  the  precipi- 
tate of  ferric  hvdroxide  is  washt'^l  with  *'old,  insitcad  of  hot,  water. 

Tlie.^juatlr>in2{H,C,HA  f  H,0)  +  Fe/OIi),-^  Fc,<aHA)i+ 
8HjO.  snows  tliiit  419  pnrt^  *»f  citric  acid  rt^quir©  213.52  parts  of 
ferric  hydroxide  to  form  488.84  parts  of  the  normal  citrate.  In  the 
official  formula  for  this  S4)luti'ui,  1050  Gm*  of  s«4utioM  of  frrric 
aulphatt*  arc  usimI,  which  the^iroticyilly  will  yield  161.18  Gm.  of  fi^rric 
hyaroxidc,  but  there  is  always  sorni*  l<»as  in  \vji>?hini^and  tninsG*rring 
the  pri'<npitate,  so  thtif  ifuiiinDiini  of  citricacid  prestTilxnl  3m  ilm 
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b  usually  in  slight  excess;  300  Gm.  of  citric  acid  require  152>T 
Gm,  of  ferric  hydroxide^  and  ttic  aoioiint  of  free  acttj  io  the  ficu6b«^ 
aolution  will  ilepod  Q|K»n  the  care  with  which  the  loss  of  hydfoxitit 
is  coDtrtjlled. 

The  ufficJal  ecilntioD  of  ferric  citrate  has  a  specific  girtvttr  of  about 
L250,  at  15°  C\  (59^  F.).  The  aojount  of  iron  salt  nx|oired  by  (^ 
PbarmacoptE^ia  corresponds  to  7.5  per  cent,  of  metallii'  in -n.  whv 
delen&ined  as  in  the  case  of  solatioD  of  ferric  aoetat 

SoLCTioN  or  Febric  KiTBATE.    An  aqiicotts  sol  ut ion  of 
nitrate,  Fe,fNO,)|,  ci>ntain5iig  about  6.2  per  ceoL  of    "         !»hTdroai' 
salt.     This  is  the  weakest  of  the  official  simple  iron  -  ^iisand  ii 

prepared  by  dissolving  ireshly  precipitated  ferric  hydroxide  in  nitrie 
acid. 

The  nitric  acid  used  should  be  of  full  official  8tiBn|rthf  in  order  Ci> 
produce  a  normal  ferric  nitrate,  for  which  the  prescriljed  nuatttitv  uf 
acid  \s  sufficient ;  180  Gm.  of  solution  of  ferric  galplmte  will  jadd 
27.63  Gm.  of  ferric  hydroxide,  which  require  48.82  Gm.  iif  al 
or  71  Gm.  of  official^  nitric  acid,  a.^  shown  bv  the  equaiion^  FeJ 
+6HNO,=Fe,(NO^)^^6H,0.  If  a  weaker  acid  be  employed, 
ferric  nitrates  of  deeper  color  will  lje  produceiK  The  PbarmacofiMp 
requires  that  the  solution  shall  contain  an  amount  of  ferric  Qitnle 
corresponding  to  1.4  per  cent,  of  metallic  iron,  which  is  estimated  m 
in  the  case  of  ferric  acetate  solution. 

Solution  of  ferric  nitrate  has  a  specific  gravity  of  atjotit  1.050  al 
15^  C.(69^  F.)and  eontaini*  in  each  Cc.  ak>ut  O.OtJo  *^-  m>  ..-  .v.  .^^ 
flnidounce  about  30  grains,  of  the  anhydrous  salt. 

SoLDTioK  OF  Ferric  Subsulpuate.    An  aqueous  soltititm  at^ 
bainc  ferric  sulphate  of  variable  compi>sitiou.     It  is   ] 
adding  G75  (jm.  of  ferrous  sulphate  to  a  heated  mixture     .    ...j 
leaeh  of  sulphuric  and  nitric  acids  and  500  Cc.  of  water  ;  when 
rcscenoe  ctascs,  the  liquid  is  tested  for  ferrous  salt,  and,  if  this 
found  present,  nitric  acid  is  addeiJ,  drop  by  iln>p,  to  the  hot  liquid^ 
as  long  as  it  causes  further  cfTcrvesi^uci'  and  the  disenga^mai 
red  fumes.  Finally  the  liquid  is  W\\i.^\  until  a  dear  nib\*-red  doIl__„ 
is  obiftined,  entirely  free  from  nitrous  odor,  and  is  diluted  with  wnt^i 
to  the  weight  of  10<X)  Gm. 

Th«*  fernius  sulphate  is  used  in  tlie  form  of  a  coarse  powder  ai 
added  to  the  hot  acid  mixture  in  dividid  ixirtions,  in    ^  vom 

a  violent  reiiHion.     In  the  prt«en<«  of  nitric  nnd  - 
oxidation  laki-s  plafv^  mnverttn^;  tht>  ferrr»ns  intf>  a  ilt, 

owing  to  an  iusulTiriHit  amount  of  sulphurir  arid»  a  i'        ,    ..^t* 
a  normal,  ferric  suliihate  is  produced,  the  compoi^ition  of  whi 
%*ariable,  hence  no  definite  formula  can  l>e  assigned  to  it,  all 
the  following,  Fe^CXSO^),,  is  used  liv  some  to  illustrate  the*  nat? 
the  ftalt.     In   the  pn^pamtion  of  thw,  as  well  as  lh« 
solution,  copious  red  va^>on»  are  evolved,  due  to  the  » 
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Oidde  into  the  air,  and  the  liquid  assumes  a  black  tint  teroporarily, 
on  acc(uiiit  of  a  union  between  the  ferrous  sulphate  and  nitrit;  oxide; 
tJiese  phenomena  have  already  been  explained  in  connection  with  the 
manufacture  of  I'errlc  chloride. 

If  a  little  sulphuric  acid  be  added  to  solution  of  ferric  suhsulphate, 
the  coh>r  l)ecume9  ligliter,  and,  if  added  to  the  extent  of  one-half  the 
volume  of  the  hitter,  a  white  mass^  consisting  of  anhydrous  ferric 
sulphate,  will  sejuirate. 

The  name  Monsol's  Solution  is  usually  applied  to  this  preparation, 
whitJi  is  also  prescril)ed  by  physicians  as  scilution  of  |Hrsul|>hate  ot 
iron  ;  altliough  chemically  incorrect,  this  last  name  is  ftwjuently  em- 
ployed in  thtH  country,  when  the  official  st>lution  of  the  subsulphate 
is  intended,  particularly  by  *^ome  of  the  older  physicians. 

Solution  of  ferric  subsulphate  is  a  dense  solution,  having  a  specific 
gravity  of  about  1,550,  at  15^  C.  (59°  F,),  and  is  apt  to  separate 
a  i-emi-solid  crystalline  whitisli  mass  upon  standinir,  |mrticularly  in 
the  cold.  This  is  not  a  sign  of  deterioration,  but  is  due  to  tlie  (K)n- 
centration  of  the  solution,  and  can  he  overcome  by  placing  the  bottle 
in  warm  water  for  a  while  and  agitating,  when  jjertect  solution  will 
be  restored.  The  Pharmacopoeia  demands  that  the  amount  of  basic 
ferric  sulphate  present  in  this  solution  shall  eorresfxind  to  13,6  per 
cent,  of  metallic  iron,  to  l:>e  estimated  in  the  sxime  manner  as  indicated 
for  the  other  iron  solutions. 

Solution  of  Ferric  Sulphatr  An  aqueous  solution  of  nor- 
mal ferric  sulphate,  Fe/SO^),,  containing  at>out  28.7  per  c^nt  of 
the  salt.  This  solution  is  not  used  medicinally,  Mitg  only  employed 
for  the  preparation  of  other  iron  compounds.  It  is  made  in  the 
same  manner  as  eolution  of  ferric  subsulplmte,  except  that  a  larger 
proportion  of  acids  is  used*  a  different  prmluct  l>eing,  therefore^ 
obtained.  The  following  equation,  ii(F€SO.  u  7U,0)  -f  3H^SO^  - 
2HNO^=3Fe3(SO^)5-f  2NO  +  46HA  shows  that  the  rcat^tion 
results  in  the  forniarion  of  a  normal  salt,  which  is  the  <mly  i>oint  of 
difference  in  the  crunfHisition  of  this  and  the  pnxitsling  sniufion. 

Soltition  of  ferric  suljihate  is  known  in  the  British  Pharmaco|>oeia 
aa  Solution  of  Persulphate  of  Iron,  luit  the  official  I>atin  title  of  tlie 
Unite*!  Htati-s  Pharmac*:>pa]tia,  Liquor  Ferri  Tersulphatis,  is  prefer- 
ablr,  as  at  imix*  imlicating  the  true  nature  of  the  cht-mical  compound 
pn'3<Mit,  It  etui  lie  readily  distinguished  from  ^lonsers  solution  by 
a  Ifjwcr  density  and  lighter  cH>lor,  and  also  by  not  separating  white 
ferric  Hiilphutc*  upon  addition  of  one-half  its  volume  of  sulphurir 
acid*  The  solution  has  a  h|iecilic  gravity  of  ahmut  1  .'l^O,  at  lo"^  C. 
(59^  F.Kand  is  re<|ulred  to  contain  an  amount  of  ferric  sulphate  cor- 
responding to  8  per  cent,  of  metallic  iron. 

B  Solution  ok  Iron  and  Ammoxhtm  ArKTATE.  This  wdl-known 
preparation  ia  usually  prescril>ed  \  tans  as  "  Ba^ham'%  Mix- 

ture/* or  under  its  old   oflleial  n  -  irmacopcBia)  title,  Mi«itnra 
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Ferri  et  Auimonii  Acetatia.     It  is  readily  prepared   by  adcTiu 
200  Cc,  of  solution  of  ammonium  acetate  siicx^essivelv,   30   C 
diluted  acetic  acid,  20  Ck*.  of  tincture  of  ferric  chloricfe,  ICX)  Cc* 
aromatic  elixir,  irMj  (V\  of  glyc^'rio,  and  sufficient  water  to  briog  the" 
total  volume  up  to  1000  Cc. 

As  its  name  indicates^  the  solution  contains  both  iron  and  amioo- 
Diura  acetates,  the  former  salt,  to  which  the  deep  red  color  of  tbt 
liquid  is  due,  bein^  formetj,  at  the  time  of  preparation^  by  motiml 
decompasition  between  the  ferric  chloride  and  a  part  of  the  ammo- 
ninm  acetate;  a  small  amount  of  ammonium  chloride  is  also  formed. 
It  is  important  that  the  solution  of  ammonium  acetate  be  not  n  ^ 
so  that,  upon  addition  of  the  diluted  acetic  acid,  an  excess  .  .„. 
latter  shall  be  present,  to  avoid  tlie  formation  of  basic  ferric  aoetate 
when  the  tincture  of  ferric  chloride  is  added. 

Although  the  Pharmacopfeia  directs  that  tins  preparatioo  sboald 
be  freshly  made  when  wanted,  this  is  not  necessary,  as^  wbeo  pfi^ 
pared  strictly  according  to  the  present  official  formula,  it  keem  well 
for  months,  without  showing  any  signs  of  change,  even  in  dtfltised 
light  or  during  hot  summer  weather.  The  old  formula  of  1880 
defective,  but  the  use  of  glycerin,  in  place  of  syrup,  has  compleielj 
remedied  the  evil. 

Tincture  of   Ferric  Cnu>RrDE,     This  is  a  hydro-alc«>holie 
solution  of  ferric  chloride,  I'ontaining  about  13.6  per  cent,  of  the 
anhydrous  salt.     The  Pharmacopoeia  directs  that  250  Cc.  of  sriltition^ 
of  ferric  chloride  shall  he  mixed  with  sufficient  alcohol  to  yield  100(l| 
Cc,;  this  will  require  slightly  more  than  750  Cc.  of  alcohol,  on 
count  of  the  contraction  of  volume  which  invariably  rc^tilts   wben 
aqueous  liquids  and  alcohol  are  mixed.     The  official  dircftioiw,  tQ 
set  the  mixture  aside  for  a  period  of  three  months,  are  for  the  pur 
pose  of  allowing  certain  changes  to  take  place  before  disfK*nst!r*-_-    *^' 
tincture;  these  changes  are  due  to  reaction  between  the  acid  - 
of  ferric  chloride  and  alcohol,  resulting  in  the  formation  or    etiivll 
chloride  and  other  ethereal  products,  which  modify  the  tjdor  of  the] 
prenaration   to  some  extent,  and  are  said  also  to  poaseea  markeii ; 
meaicinal  properties.     By  some  autliorities,  it  is  claimed  that  the»e] 
changes  will  not  be  completed  at  the  end  of  three  moutha,  and  that^  [ 
in  fact,  tliey  will  ctmtinue  for  a  |)eriod  of  six  or  nine  months, 

Oocaaionallv  the  mixture  is  found  to  dej)osit  a  yellowish -brown 
sediment ;  this  is  due  to  ferric  oxychloride,  and  is  an  cvidenee  that 
the  solution  of  ferric  cldoride  uned  was  deficient  in  hydrochloric  aeiilj 
and,  therefore,  not  properly  made. 

Tincture  of  ferric  chloride  contains,  in  each  Cc,  about  0.130  OwJ 
of  anhydrous,  or  0.216  Gm.  of  official,  ferric  chloriilc,  equivalent  Xa\ 
about  <iO  and  100  grains  respectively  in  carh  fluidounoe.     Upon  «jc- 
poeure  to  sunlight^  it  is  gradually  chat)^(^l  in  color,  aflSttmiii|^  a 
gre(.^nish-brown  tint,  owing  to  reduction  of  the  ferric  to  ferrooa  sail  ' 
hence  it  should  be  protected  from  sfrnru^  liMit- 


'  C02m*0UNDS  Of  Jl:fJ^. 

The  proportion  of  ferric  ehloride  present  in  the  official  tincture 
corri*9p<inflH  to  4,7  (ler  cent*  of  metallic  iron  and  is  determined,  in 
the  ii^^ual  manner,  with  jKytasaium  iodide  and  sodium  thiosulphate. 

r^'sides  the  official  preparations  of  iron^  the  following  are  em* 
ployed : 

Albltmikate  op  Iron.  This  eorapound  occurs  iii  the  form  of 
yellowish-brown  scales,  obtained  bv  couoeotrating  an  alkaline  eola- 
tion of  ferric  albuminate  (aee  solutvou  of  albuminate  of  iron),  with 
the  aid  of  a  low  heat,  spreading  the  same  on  plates  of  glass  and  dry- 
ing at  a  moderate  temperature.  It  represents  between  3  and  4  per 
cent,  of  metallic  iron  and  must  be  carefully  preserved. 

Arsekate  of  Irox.  This  preparation,  as  found  in  the  market, 
is  of  variable  composition.  It  is  recognized  in  the  British  Phar- 
macopcBia  as  arseniate  of  iron  and  directed  to  be  made  by  mixing  a 
aolutton  of  sodium  arsenate  with  one  of  ferrous  sulphate  aud  adding 
some  sodium  bicarljooate,  Fern>us  arsenate,  FcjAsjOg^  is  precipi- 
tated, which  is  well  washed  and  drietl,  in  the  meantime  undeivoing 
oxidation  and  clianging  from  greenish- white  to  olive-green  or  bluish- 
green  in  color. 

Benzoate  of  Ikon.  Ferric  Benzoate,  Fe,(C,Hj03)g.  This  salt 
may  l>c  obtained  as  a  pale-brownish  |>ow*der  by  adding  a  concen- 
tmted  solution  of  sodium  benssoatc  to  a  solution  of  ferric  sulphate, 
washing  the  resulting  precipitate  with  a  little  cold  water  and  drying 
the  same, 

BRoMfDE  OP  Iron.  Ferrous  Bromide,  FeBr.,  This  comjKiund  is 
prefmred  by  direct  union  of  iron  and  bromine  in  the  presence  of 
water ;  an  excess  of  iron  wire  in  used,  and,  when  a  pale-gre(*n  solu- 
tion results,  it  is  filteretl  and  evaporated  to  dryness  in  a  bright  imn 
diah.  It  forms  a  dark,  almost  black  mass,  which  turns  brown 
thn>ugh  oxidation  upon  exposure  to  air,  hence  it  must  be  preserved 
in  tightly  8top{Ktrt<I  lx»ttU^. 

DiALYZEi>  Irok,  Under  thiH  name,  a  solution  of  a  highly  basic 
ferric  oxychloride  has  been  used  l»y  physicians  fi»r  many  years*  It 
is  recognized  in  the  British  and  (ferman  Pharmacopoeias.  The 
official  German  preparation  \h  obtained  by  simply  di<«olving  freshly 
prt*j>arcd  ferric  hydroxide  in  water,  with  the  aid  of  a  very  small 
f)Uantity  of  hydriK-hloric  acid  and  a  jy^Httle  heat,  but  is  not  illalywd 
8u1j6c<piently.  The  Britifth  Pharraacopceia  directs  a  pnxx'?^  which 
ia  alHKit  the  game  a«  that  usually  followed  in  this  c*ountry,  namely,  a 
iolution  of  ferric  chloride  is  saturated  with  freisldy  made  ferric  hy- 
droxide, the  liipiid  placeil  in  a  dialyzer  (m?e  m^ro  152)  and  .  d 
in  water,  whicli  h  frcfpiently  renewed,  as  long  as  the  lu:  vi 
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any  reaction  for  chlorides.     Complete  removal  of  ferric  li 

neither  pmeticable  nor  desirable,  and  highly  basicoxyehlon  i 
reaction  with  silver  nitrate*     The  solution  of  ferric  oxyohloride  i 
maining  in  I  he  dialyzer  i?  then  diluted  with  suflScient  water  flo  timll 
100  part-*  by  weight,  when  evaporate<l  and  dried  at  a   teniperaiun» 
not  above  100^  C  (212''  F.),  shall  yield  5  parti*  of  solid   reddue. 
The  composition  of  the  ferric  oxychl<»ride  found  in  eonimercial  dk- 
lyzed  iron  varies,  ranging  between  FejCl^  +  lOF^O^,  and  Fe^Cl,  +1 
SSFe^Oj;  still  more  highly  liasic  oxyehlorides  c-an  l>e  obtained  hjX 
dialysis,  but  the  solutions  are  apt  to  gelatinize  on  stand  tug, 

Fkrrocyanide  of  Iron,     Ferric  Ferrocyanide,  Fe^(Fe(CN)J|, 

When  a  solution  of  polassinm  ferrocyaiiide  is  gradually  mcJded  to  a 
dilute  solution  of  ferric  sulphate,  a  dark  blue  precipitate,  having  the, 
above  composition,  is  obtaintiL    The  precipitate  must  be  well  washed  I 
with  boiling  water  to  remove  all  potassium  sulphate  and  is  then  dried. 

Iodide  op  Iron.    Ferrous   Iodide,  Fel.j.     This  pre|utrattoD  ifl 
obtained   by  first   making  a  solution  of  ferrous  iodide,  as   alreadri 
explainefJ  in  connei'tion  witli  saroharatLxl  iodide  of  iron,  ar>d  evapo- 
rating this,  in  a  bright  iron  dish,  to  dryness.     It  occurs  as  a  very  i 
deliquescent  black  mass,  which  raust  be  carefully  preservetl  iu  iighdyj 
stoppered  bottles, 

MAiiATE  OF  Iron.     Impure  ferrous  malate  oecurs  in  the  form 
a  blackish-green  mass,  obtained  by  digesting  the  juice  of  sour  apf 
witli  iron  lih'ngs,  filtering  and  evaporating  the  solution  to  ttie  oon 
sistenoe  nf  an  extract.     It  is  recognize*!  iu  the  German  Pliar 
p«jDia  under  the  name  of  Extract um  Fcrri  Pomatum* 

OxAT.ATE  OP  Iron.     Ferrous  Oxalate,  FeC,0^.     This  salt  may 

be  conveniently  pnpared  Ijy  mixing  a  solution  of  acid  amaioQiuiQ 

oxalate  with  one  of  ferroun  sulphate;  the  lemon-yellow   {iiveipitaK 

of  ferrous  oxalate  is  well  washed  with  water  until  a  reaction  for  »nU 

phnric  acid  is  no  longer  obtained,  and  then  dried,  ThisprcH 

a  lietter  yield  than  if  ferrous  sulphate  l)e  treated  with  |* 

acid,  since  some  of  the  salt  would  be  lost  by  solution  io  the  diiutjcd| 

sulphuric  acid, 

PnospilATEOF  Iltox.  This  compound  has  already  been  menttiin*?«l^ 
ia  connection  with  the  soluble  »jdt  of  the  .same  name.  It  i.sa  variable 
mixture  *>f  ferrous  and  ferric  phr»8phates  with  ffTric  oxide  and  is 
reoognisttd  in  the  British  Pharmafopn:'ia,  which  direcls  it  to  he  prfr- 
jMirtHl  by  adding  a  solution  of  Rmlium  phctspliate  to  one  of  ferrotu 
ftulphate,  finally  adding  some  sodium  bicarbonate.  The  precipi^^e 
of  ferrous  nhoephate^  Fe3(PO^),,  is  washed  and  dried,  during  whidi 
time  it  is  slowly  oxidixtil.  Phtisphate  of  iron  iB  a  slate-bltie  amor- 
phoufi  powder,  iniujlublt'  in  water. 
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PEProKATE  OF  Iron.  If  egg-albumcD  be  digested  with  pe{»sin 
and  very  dilute  hydrochloric  acid,  for  some  time,  at  a  tcra[>eniturt* 
not  exceeding  40^  C.  (104*^  F.),  a  solution  of  peptone  will  l>e  oUained, 
which,  after  bcln*^  ntMitndi/x-*]  with  sohitioo  of  wxla  and  added  to  a 
solution  of  ferric  oxychloridt%  yields  a  precipitate  of  ferric  jK^ptonate. 
In  order  to  obtain  the  cxrmjHHuul  in  soluble  form  the  precipitate  is 
dissolved  in  water,  with  the  aid  of  a  little  hydrochloric  acid  aud  heat, 
the  solution  eva|K»rated  to  a  syrupy  oonsistenee  and  spread  on  platei 
of  glass  to  be  dried  at  a  temperature  not  aljove  30^  C,  (SQ^  F.). 

SAcnfiARATED  OxiDE  OF  Irox.  This  preparation,  known  also 
as  soluble  oxide  of  iron,  is  t official ly  recognized  in  the  German  Phar- 
niacotxBia  aud  used  to  ^me  extent  in  this  country.  It  is  pre|iared 
by  aciding  to  freshly  prej)arc*d  ferric  hydroxide  a  given  projjortion 
of  sodium  hydroxide  solution  and  sugar,  heating  the  mixture  to  jicr- 
fe<'t  solution,  tlien  eva[>orating  to  dryness,  powdering  and  incorpc»r- 
ating  with  it  sutBrient  sugar  to  bring  the  product  up  to  a  definite 
weight,  representing  the  enuivalent  of  8  per  cent,  of  metallic  iron. 
The  exact  conij>osition  of  the  reddish-brown  powder,  is  as  yet  not 
clearly  understood ;  it  is  considered  to  l>e  a  sodio-ferric  saccharate, 
the  presence  of  tlic  alkali  lM?ing  essential,  as,  with  sugar  alone,  ferric 
hydroxide  does  not  form  a  jMTJiLt^'tly  soluble  compound. 

Salicylate  op  Iron.  Ferrous  Salicylate.  Fe(C7Hj03)5.  This 
18  best  prepared  by  dissolving  freshlv  precipitated  ferrous  carbonate 
in  water,  by  means  of  salicylic  acid,  witli  the  aid  of  a  gentle  hejit, 
filtering  and  evajx:)rating  the  solution  to  dryness  on  a  water-bath. 

SoLUTiox  OF  ALBUMrNATE  OF  Iron*  An  aromatic,  alkaline  solu- 
tion of  ferric  albuminate  preparal,  acc»>rding  to  the  German  Phar- 
QiactiiKDia,  as  follows:  A  st^lution  of  3*5  parts  of  dry  esfg-albumen 
in  1000  jmrts  of  water  is  slowly  added  to  a  mixture  of  V20  parta  of 
^  Bolution  of  oxyehloride  of  iron  and  1000  jiarts  of  water,  the  result- 
ing precipitate  is  well  washed  with  water  until  all  chlorine  has  been 
removt^l  and  then  dissolved  in  3  parti)  of  solution  of  soda  (sp»  grav. 
1.17)  diluted  with  50  parts  of  water.  To  this  solution  are  added 
150  parts  of  alaihal,  IW  parts  of  cinnamon  water,  2  parts  of  aro^ 
matic  tincture,  and  sufEcietit  water  to  bring  the  total  weight  up  to 
1000  iiarts.     It  represents  about  0.4  per  venL  of  metallic  iron, 

Sudcaruohate  op  Iron.  Under  Uiis  name  an  amorphous  rcd- 
disb*brown  f»owder  has  long  In^f  n  known  in  pharmacy  and  was,  at 
one  time,  nroguizinl  in  the  Plmrmac^jpina  (1870).  It  is  a  variable 
mixture,  the  iH>mposition  defM*nd!ng  u^Kjn  age  and  thetemiicrature  at 
which  it  han  iR^eri  dried,  ami  consists  chiefly  of  ferric  oxide  and  hy- 
droxide with  jM)me  ferrous  nirlMnmU*,  The  maruier  f»f  preparin^^'  it 
is  lo  mix  sof  utions  of  ferrous  SI dphatc  and  sr>dium  ♦  \ 

ivlii'nbv    jrn^'insh-whif^-    fVrmiis    ciiilMitiali'    \h    ^>ir  ,^ 
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thorouglily  wasbed  witli  wafer  and  dried,  diirinjj  whitli  operatioa  it 
rapidly  darkens  and  becomes  oxidized  witti  the  eliminutioo  of  carfaoo 
dioxide.  Sulx-arboDate  of  iroo  is  praotieally  identical  with  ferric 
oxy  hydrate  FejOj+Fa/OH)^,  and  is  often  designated  as  red  sleei^ 
dust  by  the  public, 

Sybuf  dp  Arsenate  of  Iron.     A  pi-eparation  of  the  Natifxiftl 
Fornuilary  containing  about  ^  grain  of  ferric  arsenate,  Fe^AjsO^i  in  | 
each  fluidoiince.     It  is  made  by  preparing  a  solution  of  ferric  aim-'Ji- 
ate  from  sodium  arseinite  and  ferric  citrate  and   mixing   thia   with  i 
simple  syrup,  the  ferric  arsenate  being  held  in  solution  by  tbe  newljr 
tbrmed  st3dium  citrate. 

Syrup  op  Citro-iodide  of  Iron.  This  preparation  also  known 
as  "  tasteless  syrup  of  iodide  of  iron ''  is  made  according  to  Uie 
Natioual  Formulary  by  dissolving  itxline  in  a  9olutii>n  of  ferroii>i 
iodide  and  adding  thi^  solution  to  a  solution  of  potassium  citrate;  as 
soon  as  a  deep-green  color  ha^  developed,  sugar  is  added  and  dicfiolved 
by  agitation.  £aeh  Huidounce  contains  about  29  ^raios  of  fei 
iodide^  FcjI^j,  equivalent  to  about  0.0636  Gm.  in  ea<£  Cc. 

Syrup  of  Soluble  Oxibe  of  Iron,  This  syrup  may  be  coo- 1 
veniently  prepared  exlemporaneoofily  as  wanted,  by  forming  a  sola* 
tion  of  e*jual  parts  by  weight  of  sacrliaratetl  oxide  of  iron,  water, 
and  simple  syrup.  This  is  the  formula  given  by  the  Germno  Phar-J 
raacop<eia;  a  more  tedious  proii-ess  for  making  the  syrup  fruni  fiolti- 
tion  of  ferric  chloride  is  given  in  the  National  Formulary.  Each 
fluidounet*  of  the  syrup  rejiresents  about  6J  grains  of  metallic  inoo 
or  about  0,0143  Gm.  in  each  Cc. 

TiNCTTURE  OF  CrTUo-cHLORiDE  OF  Iron.     The  National  Porai* 
idary  directs  this  pre|>aration,  which  is  better  known  as  "  taatelen 

tincture  of  irun/^  to  I)e  made  by  adding  sodium  citrate  to  a  dill 
S4>lution  of  ferric  chloride  and  heating  until  {>erfef;t  solution  is  cflfe 
Alcohol  is  then  added  antl  finally  sufficient  water  to  make  up  the  ns 
quired  volume.  The  tincture  is  of  a  deep-greeu  color  and  the  amount 
of  iron  represented  is  abi^ut  the  same  as  in  tbe  official  tincltin*  of 
ferric  chloride. 


CHAPTER    XLYIII. 


THE  COMPOUNDS  OF  MANOANE8E  AND  CHROMIUM. 


Of  these  two  metals  the  Pharioacx>pcpia  recognizes  but  three  com- 
pounds^ and  even  these  are  not  frequently  employed*  The  official 
preparations  are  as  follows : 


Omttal  Eit^UAb  Kune. 
Mongiuaeee  Dioziile, 
Masfuiefle  SulphAte, 

Chromic  Add^ 


OAcUl  LAtin  Xame. 
Mangftni  Dtoxidum. 
Mangiu)i  Sulphfts. 

Acidimi  Cbromiciim. 


Manganese  Dioxide.  MnOj.  The  Pharmacopoeia  v-  '  -"^ 
native  crude  manganese  dioxide,  commonly  known  as  j'}  \ 

wbiobi  while  suitable  for  the  manufacture  of  chlorine  and  similar 
purposes,  is  frt^uently  unfit  for  internal  use,  owing  to  the  large  pro- 
portion of  foreigu  matters  pi'esent  The  quality  of  commercial  man- 
fanese  dioxide  is,  of  <x>urse,  very  variable,  some  very  rich  specimens 
flving  occasionally  been  encouutered.  An  artificial  product  ocxurs 
in  the  market,  in  the  form  of  a  very  dark,  almost  black,  tolerably  fine 
powder,  which  is  far  superior  to  the  crude  article,  and  should  alone 
be  used  for  dispensing  purposes.  It  is  possibly  prepared  by  gentle 
ignition  of  manganet^  nitrate  or  by  moderate  heating  of  mangauese 
hydroxide. 

The  Pharmacopoeia  admits  manju^anese  dioxide  containing  only  66 
per  C5enL  of  pure  MnOj,  but  the  artificial  ariiclu  put  on  tlie  market 
by  raanufacturingchemit^ts  is  usually  guaranteed  to  represent  90  per 
oenL  and  over  The  valuation  is  made  by  means  of  treatment  with 
femufl  sulphate  and  hydrochloric  acid,  whereby  all  ferrous  ^It  is 
converted  into  ferric  salt,  according  to  the  following  equation — 
8MiiO,+ 1 2HCH  6{FevSO,  4^  7H,0)=2Fe,(80,),-r  Fc,Cl,4^  3MnCI, 
-h48H30 — showing  that  each  mokvulc  (or  86,72  jwrts)  of  pure 
manganese  dioxide  is  capable  of  oxidizing  two  molecule;^  (or  554.84 

Cs)  of  cnstallrzecl  ferrous  sulphate,  or,  in  other  wortis,  1  Gm.  of 
Oj  will  suffice  for  the  complete  oxidation  of  6.398  Gm.  of  FeSC\ 
-:7H,0. 

In  the  4>fficial  test,  I  Gm,  of  the  commercial  article  will  convert 
the  4.22  Gm.  of  ferrous  sulphate  ^'oniplctely  into  ferric  sulphate  and 
chloride,  so  that  the  suliseqticut  addition  of  potassium  ferricyanidc  uo 
longtT  causes  a  blue  colomtion,  only,  if  at  least  66  per  cent,  of  pure 
MnO,  1)0  present,  for  66  i>er  ant,  of  1  is  0.66  and  1  :  0.66  : :  6,3f*8 
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Manganese  Sulphate,    Manganous  Sulphate.     "' 
This  salt  is  obtained  by  boating  a  mixture  of  mangai 
sulplmric  acid  to  dull  miness,  in  a  crucible,  for  some  litu 
cool,  the  mass  is  trcaU^i  with  water  and  f)ltei<e<L      Thi>  -> 
iron  be  preiicnt,  is  digested  with  rnanganous  carbonate,  •  \m- 

centrated  and  crystallized  at  a  temperature  not  below  20'-  t  .  i '  -     V 
If  tlie  solution  l>e  allowed  to  crystallize  at  a  teniperatun*  appr  u 
5°  C.  (41°  F.),  a  salt  will  be  *obtain«xl  eoDtainiu^   7    xnaleaai^^ 
Dearly  46  per  cent  of  water,  wbile  the  official  salt  should  oMibuft 
only  4  molecules,  or  32.29  i>er  cent* 

Mauganous  sulphate  is  used  for  the  preparation  of  other  nmngaiksitr 
aalts  by  mutual  decomposition,  such  as  the  carbonate,  byiiophodpUlf^ 
and  iodide,  which  arc  occasionally  n.sed  in  pharmacy. 

Chromic  Acid.     Chromic  Trioxide,     CrOj.  Altlmugli  this 

jwimd  is  comuiereially  designated  as  an  acid,  and  is  also  n^cwntsal 
in  tiie  Pharmacopoeia  by  that  nnmCj  it  is,  strictly  i}^PeaktD^,Bic[}[iIraa 
anhydride  and  the  name  chromic  trioxide  or  anhydride app^tira  mun 
appropriate. 

It  is  prepared  by  adding  sulphuric  acid  to  a  aattiratt^l  solution  lit 
potassium  dichromate,  wfien  the  following  reaction  occurs  ■  KjCr  0 
+  2H,SO,  =  2Cr034-2KirsO,+H,()j  the  mixture  l>et>omea  Wti3 
and,  upon  cooling,  separates  needle-sbajKHl  crystals  of  chromic  an- 
hydride, which  are  drained  and  dried  on  porous  tiles.  In  order  to 
remove  the  sulphuric  acid  generally  adhering  to  the  cry^stab  tlioe 
are  washed  with  small  quantities  of  strong  nitric  acid'aad  ktallT 
heatcfl,  in  a  porcelain  dish,  on  a  sand-bath,  until  nitrous  odors  atrDo 
longer  percept  ible. 

Tlie  color  of  commercial  cliromic  anhydride,  is  not  uuilbms  dc^ 
pending  upon  the  purity  of  the  article ;  a  light  scarlet-rcd  color  Wq* 
ally  indicates  the  presence  of  sulphuric  acid,  and  such  a  product  ts 
aa  a  rule,  very  deliquescent  The  Pharmacopoeia  demauds  the  entin* 
absence  of  sulphuric  acid  ;  such  an  article  is  of  a  <loep  |Hirpli&h-rtd 
color  and  not  very  hygroscopic.  Owing  to  its  rejidy  defx»m|K]tsitioa ^ 
by  organic  substances,  often  with  explosive  violence,  chromic  aiihr*^ 
dride  should  never  be  brought  into  contact  with  alcohol  or  ^lyom'ii, 
and  should  always  be  weighed  on  watch-glasses,  never  on  paper;  il 
its  aqueous  solution  requires  filtration,  this  must  be  done  by  ibcu* 
of  jislx'stos  or  gtaas-wool.  ' 


CHAPTER    XLIX. 


THE  COMPOUNDS  OF  MERCURY. 


Next  to  the  preparations  of  iron,  those  of  mercury  are  the  most 
important  obtained  from  the  heavy  metals.  Like  the  iron  oora- 
pounds,  they  are  iliviilcd  into  two  series,  designated  as  mercurousand 
merenrie  compounds  respt*otively.  In  mercurous  compounds,  mer- 
cury appears  univalent,  while  in  mercuric  compounds  it  acts  like  a 
bivalent  element.  The  Pharmacopoeia  recognizes  metallic  mercury 
and  twenty  preparations  of  it  and  its  campotindd,  as  shown  by  the 
1  olio  wing  list : 


OOdAl  BuitlBb  KuBo. 
Mercury, 
McrcurV  with  Chalk. 

M  ri.le, 

V  .aide, 

i  <  ic  Chloride, 

Red  Mercuric  iudide. 

Yellow  Mereiiric  Oxide, 

Red  Men*uric  Oxide, 

YeUow  Mercuric  Subtsulphnte, 

Mam  of  MercuTT, 

Mercurial  OinttneDt, 

Mereurial  Plaster, 

Ointment  of  Animoniated  Mercnry, 

OintrucDtof  MiTciirlc  Nitml©, 

Ointitiiiniof  YeUow  Mercuric  Oxide, 

Ointinent  of  Red  Mercuric  Oxide, 

Mercuric  Oleate, 

Bolutiun  of  Mercuric  NLtrnle, 

Ammoniac  Plajiter  with  Mercary, 


Offleial  LAtlQ  Kima. 
Hydrargyrum. 
Hydrargyrum  ctim  Creta. 
H  V  d  r^r^r u  iii  A  m  raon  i  fi  t  u  m . 
Hvdrarvrvri  Chloridum  Milt*. 

1 '  lu  C'orrosivum* 

ii,  ■    ^  ,'ri„ 

HviimrjL^yrl  iodiduui  Hubrum. 

HyHmrLfyri  Oxidum  Flavura. 

11  f  Olid  um  Huh  rum, 

I  i  .Sub*ulplui's  FIavus, 

M iLSHa  1 1 V I  i  nir^cyri. 

Unguontnm  Hvdrarjryri. 

JvtnrJfittnmi  Hvdrsiuri'^'*^' 

I  I  Hydrarv  iiiati. 

\  1  HydmrK;  i  '^^ 

I  ti-t!  iiMi  11  Hydrtirgyri  Oxidi  Klavi 

Tji^Lit  tiuim  HydrjLTgyri  Oxidi  Kubri. 

Oleutum  UydrarKyri. 

IJquor  Hydrargyri  Nitratk. 

Emplafitrum  Ammoainci  cum  Hydrofgyro* 


Mercury.  Hg.  Nearly  all  tlie  commercial  mercury  is  obtained 
by  nxisting  the  on.*  known  as  cinnaliar,  crude  native  sulphide  of  mer- 
cury, the  sulphur  escaping  as  sulphur  dioxide,  while  metallic  mercury 
is  condensed  aud  collected  in  suitable  apparatus.  As  thus  obtalntxl, 
it  is  tisually  contaminated  with  lead,  copper,  and  other  metals,  from 
which  it  is  fn^  by  treatment  with  diluted  nitric  aeid ;  it  is  finally 
waabctl  with  watt-r  and  dried.  On  a  small  scale  mercury  may  he 
cjonveniently  jmrifieil  by  shaking  with  solution  of  ferric  chloride  and 
iut)se(iuently  wasliiug  with  water.  For  medicinal  purposes,  only  pure 
redistilled  mercrury,  w^hich  [x)ssess#:s  a  bright  lustre,  should  Ik*  used ; 
if  contaminated  with  du^  and  other  mecdianical  impurities,  mercury 
may  be  conveniently  strained  through  a  pierce  of  clo§e  mutdtn  or 
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chamois  skin.  For  weighing  small  quantities  of  mercury,  it  is  most 
conveniently  transferred  from  the  stock  bottle  to  the  balance  by  means 
of  a  drop-tube  or  pipette,  as,  owing  to  its  great  cohesiveness,  it  cannot 
be  readily  poured  from  a  bottle. 

Mercury  with  Chalk.  Although  not  so  much  used  as  formerly, 
this  preparation,  also  known  as  "  Gray  Powder,"  is  still  a  very  im- 
portant one,  as  it  represents  mercury  in  a  fine  state  of  division  in 
powder-form,  and  is  frequently  used  in  infantile  disorders.  The 
official  method  of  preparation  depends  upon  extinguishment  of  the 
mercury  by  means  of  succussion,  38  Gm.  of  mercury  being  shaken 
with  10  Gm.  of  clarified  honey,  for  6  hours  or  longer  in  a  strong 
bottle ;  this  is  best  effected  in  a  mechanical  shaker,  such  as  is  shown 
in  Fig.  279,  which  can  be  readily  attached  to  a  water  motor  connected 

Fig.  279. 


Mechanical  shaker. 


with  a  hydrant.     The  mixture  of  mercury  and  honey  is  afterward 
added  to  a  thick,  creamy  paste,  made  of  67  Gm.  of  prepared  chalk 
and  a  sufficient  quantity  of  water,  the  whole  being  triturated  until  a 
uniform  mixture  results,  which  is  finally  dried  at  the  ordinary  tena- 
perature,  and  should  be  reduced  to  powder  without  trituration. 

In  this  fine  state  of  division,  mercury  is  very  prone  to  oxidatio^ 
if  exposed  to  air  and  h'ght ;  hence  the  powder  should  be  kept  w^^ 
protected  from  both.     While  traces  of  mercurous  oxide  cannot    IJS! 
entirely  avoided,  the  presence  of  mercuric  oxide  should  be  carefuL- 

Suarded  against,  and  any  change  in  color  from  gray  to  pink  or  rer-** 
ish,  indicating  dangerous  oxidation,  would  render  the  article  un 
for  use  ;  neither  should  mercury  with  chalk  be  dispensed  if  the  col  ^ 
has  turned  very  dark-gray  or  blackish,  as  this  shows  excessive  m^^ 
curous  oxidation.  In  the  official  test,  mercurous  oxide  is  detect***' 
by  precipitation,  as  calomel  by  hydrochloric  acid,  while  the  mercui^ 
oxiae  is  converted  into  mercuric  chloride  and  is  then  precipitated" 
either  as  mercuric  sulphide,  by  hydrogen  sulphide,  or  as  calonr^ 
(being  afterward  reduced  to  metallic  mercury)  by  stannous  chloridi^^ 
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LMMONiATED  Merccry.  NII^HgCl.  TIus  fom^Kumcl,  better 
known  as  white  precipitate,  isprepareil  by  pouring  a  solution  of  mer- 
curic chloride  slowly,  with  constant  stirring,  into  ammonia  water, 
when  the  following  reaction  occurs:  HgClj  +  2NHpH  =  NH,HgCl 
+  NH,C1  +  2HA  The  Pharmacopceia  directs  a  solution  of  100 
Gtn.  of  mercuric  chloride  in  2000  Cc.  of  distilled  water,  which^ 
after  filtration  to  remove  any  calomel  present,  is  added  to  150 
CV,  of  10  per  cent,  ammonia  water;  lx»th  liquids  are  usetl  cold,  and 
the  resulting  precripitate  is  washed  with  400  CV.  of  cold  water  to 
whicii  20  Ce.  of  ammonia  water  have  been  addetl.  Finally,  the  pre- 
cipitate is  dried,  in  a  dark  place,  at  a  temperature  not  ex<?eech'ng  30^ 
C.  {^*6'^  F.).  These  sjiecific  directions  are  for  the  purpose  of  avoid- 
ing the  formation  of  a  basic  yellow  comjMjuml,  XHj(HgjO)C!,  which 
is  apt  to  cjccur  l*y  exjxisure  to  light  or  heat,  and  even  excessive 
washing  with  plain  water. 

The  roustitution  of  ammontated  mei^eury  may  beexplaineil  in  two 
diffei'ent  vvays*  The  simplest  view"  is  to  considei*  it  as  meiTuric  chlo- 
ride, in  which  an  atom  of  chlorine  has  been  I'eplaced  by  the  group 
XHj(or  amide),  and,  in  that  casc*^  the  name  mercuric  chloramide  will 
be  appropriate  ;  the  other  view  is  that  evidently  taken  by  the  Phar- 
macopceia  in  applying  the  synonym  mercuric  ammonium  chloride  to 
tlie  compound,  according  to  which,  it  is  looked  upon  as  ammonium 
chloride  in  which  two  atoms  of  hydrogen  have  been  replaced  by  an 
atom  of  bivalent  mercury* 

Ammoniated  raercur)*  is  also  known  as  amido-chloride  of  mercury, 
and  is  sometimes  prescribed  by  German  physicians  as  hydrargyrum 
amidato-bicbloratum. 


MtLD  Mebcurocs  Cnnx>Rri>E,  Hg^Cl^,  This  well-known  salt, 
eomm*mly  adled  calomel,  is  prtjuirt^l  by  subliming  a  mixture  of  mer- 
cnrous  sulphate  and  sodium  chloride  in  proper  projjortions.  In  order 
to  obtain  the  priMJutl  in  the  tbrm  of  a  soft  fine  iK)wder,  the  va|>or9 
are  conducted  into  a  spacious  chamber,  into  w^hich  stmm  is  introduced 
aimultaneously  ;  tlie  presence  of  atjueous  vapor  also  frees  the  subli- 
mate trom  mercuric  chloride,  some  of  which  is  always  formed,  by 
solution  in  the  condensed  water.  Thus  obtained,  the  product  is  known 
as  hydrosublimed  calomel.  When  mercurous  chloride  is  sublimed 
witliout  steam  it  becomes  neoeeaary  to  reduce  the  crystalline  sublimate 
to  fine  powder,  and  wasli  it  thoroughly  with  w^ater  until  the  wash- 
ings are  no  longer  afTected  by  ammonia  water  or  ammonium  sulphide, 
"""  jwing  the  complete  removal  of  mercuric  chloride. 

mercurous  sulphate  useil  in  the  ab+jve  process  is  made  by 
ling  mercuric  sulphate  with  water,  aduing  an  e^juivaleut 
Oount  of  merr  ur\*  (200  parts  for  296  parts  of  mercuric  sulphate), 
„J<1  triturating  the  mixture  until  all  globules  of  mercurv  disappear. 
The  reaction  Ixrtwecn  mercurous  sulphate  and  sodium  chloride,  when 
be«ted  t'igcther,  is  shown  by  the  following  cqimtion :  Hg,SO^-f- 
2  XaCl  =  Hg,a,  4-  Na^.. 


51*5  PffARM'ACEmCAL  CHEJCTsTBr. 

Thft  ^PY'^rnnof:  of  calr;mel  flepemfc  larieiv  uptm  the  .ietn^e  .^t' 
m^han^rj^!  ^livjaioa  ;  vvhWft  nsiiallv  white,  t:ie' dner  the  p->wrler  the 
mop^  v^-ll.-,'.v:«h  th.^  tint.  When  eip.>sefl  to  liirht  it  ^raduallv  muirr- 
^r^  r|w,rr.[^^,-itir,n  and  aa-nraei*  a  CTiji.'^h  '^>Ior.  rmirrMiric 'ohJ./isL 
pjeinsf  r>>rrriefJ,  with  rhe  elimination  or'  rnen-nrv. 

Calonif-l  iM-irt  -i>metimff»  Vieen  ppesoribHl  b/»xint;nental  phvsioian* 
nnder  t!>-  nan^ej*  --afjiiila  alba"  and  ••  meminiis  diiitrL*." 

Vf:rJ//.v'  \f Rft/^  r;Riir>.  Iodidk.  EI^.L.  The  official  proceac^  f.^ 
th/r  prf*j*fl  ration  ot*  mefrtiniiw  i«jdide  invrjlves  two  distin<:t  ^ep^. 
Fi r-t,  rn^rPTiroii-  nitratf-  i.-i  marie  bv  treatin^z  oO  Om.  of  men?urr  with 
a  mixture-  of  20  O:.  ^-nch  of  nitric  aoi«l  and  water.  En  a  dark  "place, 
iinfil  rcarXion  ffm^/n  Sind  a  little  menrnrv  remaicL-*  aa«lL-?e43lved :  the 
j^lt  ^c\fi^rArf-9,  in  th*-  form  ot*  cr\'5taL-  havinv;  the  oompi3tsitioo 
Hjr/V^w  -  ^f^i^^  whi'-h  are  draine<l  and  dried  on  paper  in  the 
d^rk,  to  Ciui.  iti  \\v'  ^n-taliized  mercuroiL-  nitrate  are  then  dissolvcil 
in  I^//>  ^>r.  ofdi-till^-rl  water  arid  ii  late  1  with  10  G\  of  nitric  acid,  and 


....  -5*»«i, 

fir^t  with  wafer  to  remove  ail  {>ota.'?.*mm  nitrate  and  free  acid,  and 
afterward  with  ahohol,  until  the  washings  cease  to  be  atfected  bv 
hydrr^^en  -lulphide,  to  in-f-.  it  from  menuric  i«xlide :  lastlv,  it  is  dried 
in  the  dark',  on  y»a[KT,  at  a  tem|)eraturt'  not  exceeding  40^  C.  ( 104 •  F. ». 
Th'-  addition  of  nitric  aeid  is  made  to  prevent  the  formation  of  a 
ba.-^ie  romi^'Hiiid,  wliifth  migfit  otherwise  o<_*«iir ;  it  is  also  iniitortant 
fliat  \\\f'  |»ota-.-.irim  if/lide  beadd'd  to  the  men-urous  nitrate  les?t,  bv  a 
pvrrrtal  of  the  pnK'<*«.H,  mereurie  salt  Uf  f >rm«jd,  which  enters  into 
Mohitioii  a-t  j>ot;w-iiim  m^-reririe  io^iide,  while  mercnrv  is  precipitateil, 
a  n-a'tion  wfll  known  to  ifCi'nv  l>etwe<fn  alkali  iodides  and  merciirous 
i*»rlidr-,  anrl   illustrat<-rl   bv   the  e<|uation,    HgJj  " "  2KI  =  (H«»L - 

MiT^nroiih  icxlide  must  be  carefully  proteet«Hl  from  light,  as  it 
nfidily  und<r;r^H'.-.  (lr»<:om  posit  ion.  Tiie  true  color  of  the  salt,  when 
pure,  is  brij^ht  yellow,  henc<*  all  preparations  of  a  green,  or  greenish- 
yellow  color,  must  bit  looknl  upon  as  impure,  the  latter  colors  bein^^ 
dm*  to  an  admixtun*  of  metallic  mercury,  which,  in  a  finely  divideS 
state,  is  blue,  and  <!onse(juently  causes  a  greenish  mixture 'with  the 
pure  yellow  salt. 

Mueh  ^^n-en  i'xlide  of  mercury  is  still  sold  by  manufacturers  hav- 
ing beru  re^'ogni/Hl  in  the  Pharmacopoeias  of  1870  and  18S0,  but  its 
pHnlii'tion  is  due  to  a  faulty  process  of  preparation.  When  mercurv 
and  iiMline,  or  m<'rcury  and  mercuric  iodide,  are  triturated  together, 
yellow  menMirous  iodide  is  formed  with  variable  proj>ortious  of  mer- 
curic i<Mli<le,  some  of  the  mercurv  remaining  um'ombined  in  a  finelv 
divid<Ml  form  ;  upon  subs<Hjuent  washing  with  alcohol,  the  mercnric 
icHli<le  is  removed,  leaving  the  insoluble  mercurous  salt  intimatelv 
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mixed  with  finely  divided  meix'ur\%  and  oT  a  green  color-  Similar 
results  are  apt  to  occur  if  mereuroiis  iodide  be  precipitated  from  a 
9tn>ng  neutral  solution  of  mercurous  nitrate  by  means  of  potassium 
iodide,  hence  the  Pharmacopoeia  directs  a  dilute  acid  solution. 

Mercurt>us  itxlide  has  been  asvsociated  witli  syrup  of  ferrous  iodide 
in  prescriptions,  but  buch  mixtm^es  are  incompatible,  metallic  mer- 
cur}'  being  deposited,  a  reaction  similar  to  that  explained  above  taking 
place,  and  mercuric  iodide  held  in  solution  by  the  ferrous  iodide. 

Corrosive  MERCtiBic  Chloribe.  HgClj.  This  compound^ 
more  familiarly  known  as  corrosive  sublimate,  is  obtained  by  subli- 
mation of  an  intimate  mixture  of  mercuric  sulphate  and  sodium 
chloride,  both  in  the  form  of  powder.  Mercuric  chloride  is  formed 
as  the  result  of  mutual  decomposition;  thus,  HgSO^ -f2NaCl  = 
H^rC'ij  +  NajSO^.  The  In^t  nec^sary  for  the  process  is  apt  to  de- 
compose some  of  the  mercuric  sulphate  with  the  formation  of  mer- 
ciirous  chloride,  which  is  vohitilized  and  sublimed  alou^  with  the 
mercuric  salt  The  British  Pharmacopoeia  directs  the  addition  of  a 
small  portion  of  manganese  dioxide  to  the  mixture  before  subliming 
it,  for  the  purpose  of  preventing  the  formation  of  mercurous  salt 

Commercial  mercuric  chloride  0iX3urs  in  heavy  crystalline  masses 
and  is  usually  contaminated  somewhat  with  calomel,  hence  perfectly 
clear  s<jlutions  can  rarely  be  obtained,  even  with  distil  lid  water.  For 
dispensing  purpoees,  only  the  chemically  pure  artirle,  obtained  by 
recrystallization  should  be  used. 

Aqueous  solutions  of  mercuric  chloride,  !f  exposed  to  light,  gradu- 
ally imdergo  decomposition,  liberatiug  hydn)chloric  acid  and  deposit- 
ing calomel.  The  presence  of  ammonium  chloride,  however,  prevents 
the  (4iange, 

The  pluirmacojKcial  teat  for  the  presence  of  arsenic  in  mercuric 
.^chloride,  depends  upon  the  solubility  of  arsenic  sulphide  in  ammonia 

Eitcr  and  its  subscouent  precipitation  by  hydrochloric  acid,  mercnric 
^sulpliidc  being  insoluble  m  ammonia  water, 

Mkr<itric  CvaN'ide.  HgCX^j.  This  salt  may  l»e  prepared  paw 
by  dis-^jlving  mercuric  oxide  (pn'fcnibly  the  yellow)  in  hydrocyanic 
a<ml,  avoiding  an  excess  of  tijc  oxide,  which  would  tbrm  a  basic  com- 
pound ;  a  slight  excess  of  the  acid  is  not  objectionable,  as  it  will  be 
dissijiatetl  on  evaporation  of  the  solution.  Simple  agitation  suffices 
to  eflWt  solution,  the  Ifijuid  Ijciug  then  conc(»ntruted  and  set  aside,  in 
a  dark,  cool  place,  U>  crystallize.  The  resulting  crystals  must  be 
both  dritnl  and  preserved  with  exclusion  of  lights  as  tlie  salt  will 
otlierwise  darken  rapidly. 

Mercuric  cyanide  is  the  only  cyanide  of  the  heavy  metals  com- 

Sletely  soluble  in  water ;  its  solutfon  is  colorless,  witliout  odor,  and 
iffers  from  a  solution  of  mercuric  chloride  in  not  being  precipitated 
by  alkali  hydroxides  or  carbonates,  silver  nitrate,  ana  potassium 
iodide.     It  is  a  very  poisoiious  compound,  rarely  used  in  medicine. 
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Red  Mercuric  IoDn>E.  HgL.  This  salt  is  prep: 
decomposition  between  mercuric  cliloride  and  potas&^i  i 
official  directions  being  to  pour  a  solution  of  40  Gm.  of  the  fonoerl 
salt  and  a  solution  of  50  Gm.  of  the  latter,  simultaiic^otiBlv,  idIo  a' 
large  volume  of  water,  with  active  stirring,  when  the  fotlowm^  tmt- 
tion  occurs:  HgClH  2KI  =  HgI.  +  2KCL  The  otBcial  formuh 
employs  the  two  salts  very  nearly  io  the  proportions  iodicstted  iu  the 
ibregoiug  equation,  which  are  4  and  4.898  respectively ;  an  excfiw  of 
either  salt  must  be  avoided,  since  loss  by  formation  o^  a  soluble  com* 
pound  would  result,  au  excess  of  potassium  iodide  produciug  poljiv* 
Slum  mercorie  iodide  (Hgr2-r2KI)  an<l  an  exceset  of  mercuric  clilciride 
causing  the  formation  of  mercuric  iodoc^hloride  (Hgl,-f  2HkCL  or 
HfolX'lJ.  _  -  B  ^ 

Mercuric  iodide  is  dimorphous,  occurring  crvstallized  iKith  in  iht 
form  of  smrlet-retl  quadratic  octahedm  and  yellow  rhombic  priatiiB, 
but  tlie  Pharraacopceia  retH>guizes  the  salt  only  in  the  farm  of  an 
amorphous  scarlet-red  jjowder,  which  is  obtained  by  the  official 
method  of  preparation*  When  ex])osed  tu  light,  moreurtc  iodide 
gradually  l>e<x>raes  paler  in  color,  and  should  therefore  Ije  nreservfd 
iu  dark  lx>ttles.  It  is  soluble  in  solutious  of  metallic  tCMJides  mud 
Sfjdium  thiosulphate,  as  well  as  alcohol,  olive  oil,  castor  oil,  chloio- 
form,  glycerin,  and  glacial  acetic  acid,  forming  colorless  solatioiis  tn 
each  case. 

Yellow  Mercuric  Oxide,    HgO,    ThcolKcial  fnrmula  fi>r  th5 
preparation  of  this  compound  directs*  that  a  strong  si>]i]tiuQ  of  Uwll 
Gm,  of  mercuric  chloride  be  poured  slowly,  with  constaut  ^irrinirj 
into  a  dilute  solution  of  40  Gm,  of  90  jier  ceut,  sodium   hydroxide;? 
amorphous   mercuric  oxide  is    precipitated  while  6odinm    chloride^ 
cuters  into  solution.    The  mixture  is  allowed  to  stand,  at  a  modemta 
tempcniture,  for  an  hour,  to  facilitate  complete  deet^mpi^ilicaif  after 
which  the  liquid  is  decaute<l  and  the  precipitate  repeatedly  woabed 
until  free  fi*om  alkali,  diain«xl  and  dried  ou  paper,  in  a  dark   plae&i 
at  a  teniperature  of  30°  C\  (8G^  F,). 

Mercuric  salts  do  not  form  hydroxides  when  added  to  alkali  | 
bvdroxides,  but  mercuric  oxide  is  prec^ipitated  instead^  as  shown  br 
theeouation,  HgCl,^  2XaOH=HgO+2Naa  +  HA  It  is  inijMjr. 
taul  that  the  alkali  tje  UHe<l  in  excess,  otherwise  a  dark-(^Uin*d  oxj* 
chloride  will  be  formed,  hence  the  mercuric  chloride  solution  is  potuvl 
into  the  soda  solution  in  the  official  procefis.  From  the  above  eqii»- 
tion,  it  will  be  H!?cn  that  1  molei'ulc  (or  270.54  parts)  of  mf»rrnrie 
chloride  rix^uirt^s  2  molwuh-s  (or  79,92  parts)  of  Rxlium   '  Je 

for  complete  pnx*ipitation  ;  hence  1(X)  Gm,  HgCL  will  n-  ^,h 

Gra,  NaOH ;  offirial  8o<la  containing  90  pr  cent,  of  Nai^iH,  the 
nec^cssary  cxch-ss  of  alkali  is  ttasured  in  the  formula  of  the  l^lmnua- 
co^xeia,  as  90  jx*r  cent,  of  40  Gm.  is  36  Gm.  It  is  essi^ntial  Uiat  the 
aoda  used  be  frc<*  from  carbonate,  otherwise  mercuric  carlxkiiate  iriU 
be  formed.     Potassa  may  be  used  iu  place  ol'  do<ia,  but  atnmooia  b  , 
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imdmissible,  owing  to  the  fariiiatiou  of  animoniated  mercur}%  In 
Older  to  iiidure  a  bright  orauge-yellow  product,  heat  ami  light  taust 
be*  pxehided  during  precipitation  and  drying;  unless  prote<*ted  from 
light  the  color  of  the  oxide  gradually  darkens  on  keeping,  and,  if 
exposed  to  direct  sunlight,  deoomix»sition  rapidly  occurs. 

Yellow  niertMiric  oxide,  being  in  a  very  tine  state  of  division,  is 
aore  active  and  more  sensitive  than  the  red  oxide;  it  is  chemically 
identical  with  tlie  latter,  but  differs  from  it  in  the  molecular  arrange- 
ment of  its  jjaiiicles,  beinjj  devoid  of  all  crystalline  structure.  When 
digested  with  a  solution  of  oxalic  acid,  yellow  mercuric  oxide  forms 
white  mercuric  oxalate,  while  the  red  oxide  remains  unaffected. 

Red  Mercuric  Oxide.  HgO.  Althougli  the  name  **  red  precipi- 
tate" is  commonly  applied  to  this  compound,  it  is  never  obtained  by 
pprecipitatiou  but  always  by  calcination.  As  a  rule,  mercuric  nitrate  is 
|triturate<l  with  metallic  mercury  until  the  latter  is  extinguished;  the 
lixture  is  then  heated,  in  a  porcelain  dish,  until  yellowish  or  red- 
dish vapors  cease  to  lye  evolved  and  mercuric  oxide  remains.  The 
metallic  mercury  is  oxidi/ed  at  the  expense  of  the  nitric  acid  ex|>elled 
from  the  mercuric  nitrate,  and  the  proc^ess  mav  bo  illustrated  by  the 
following  equation :  2Hg(NO,),+Hg,=4HgO  |  4X0^. 

Red  mercuric  oxide  occurs  as  a  crystalline  |>owder  or  in  crystal- 
line sc^dcs  of  an  orange-red  color,  and  by  trituration  with  akH_)hol  is 
f gradually  converted  into  a  yellowish -nnJ  powder.  When  exposed  to 
ight  it  darkens  in  color,  but  more  slowly  than  the  yellow  oxide^  and, 
unlike  the  latter,  it  is  not  affected  by  hot  solution  of  oxalic  acid. 

Yellow  Mercuric  Subsulphate.     Hg(HgO)2SO^*    A  basic 

mercuric  sulphate,  prepared  by  pouring  normal  mercuric  sulphate  into 

^boiling  water,  whereby  the  latter  salt  suftei^  decom position.     The 

lofficial  directions  are  to  prepare  normal  mercuric  sulphate  by  gently 

lieating  a  mixture  of  mercury  100  Gin.,  sulphuric  acid  30  Co.,  nitric 

acid  25  Cc.,  and  water  40  Cc.,  until  reddish  fumes  are  no  longer 

evolvai,  during   which   operation    the   following   reaction    occurs: 

Hg3-i-3HjSO,+2HNO,^8HgSO,-h4H,0-f2NO.     The  resulting 

mixture  is  heated  in  a  porcelain  dish,  on  a  sand-bath,  until  a  dry 

Ln'hite  mass  remains,  which  is  ix>wdere<l  and  added,  in  small  quanti- 

I  at  a  time,  to  2000  Cc,  of  Ix^iling  water,  after  which  the  mixture 

t  kept  boiling  for  ten  minutes.     The  liquid  is  decanted,  the  prtvipi- 

tate  washed  with  warm  water,  until  free  from  acid^  and  then  dried 

with  a  moderate  heat. 

The  addition  of  nitric  acid  is  not  essential^  but  facilitates  the  for- 

^mation  of  men'uric  sulphate  at  a  lower  temperature,  cold  and  even 

^tnoderatcly  warm  sulplmric  acid  having  no  eJfect  on  mercury,  est>e- 

eially  in  the  presence  of  water.     Wlieu  normal  mercuric  sulphate  is 

addetl  to  boiling  water  diHXJUijMisition   results,  basic  sulphate  being 

)pre<'ipitat«*d,  while  acid  stilphate  n^mains  in  solution  ;  thus,  oHgSO^ 

4-2Hp=Hg(HgOXSO,-2Hgn,(80;),;   the  yield   dei)ends  upon 

the  temperature  and  the  volume  of  water  used. 
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Yellow  mercuric  subeulphate  is  CDDimercialiy  belter  kri 
name  ''tnrpeth   miDeral/*     It  should  be  oompletelv  isch  a] 

parts  of  hydrochloric  acid,  showing  the  absence  of  mercuroaa 
lead  salta. 

Solution  of  MERcrKic  Nitrate.    An  acid  liiiuici 
about  60  per  cent,  of  mercuric  nitrate  and  about  11  ^*pr  «  tim* 

nitric  acio.     This,  the  only  fluid  preparation  of  m*  :[iim{ly 

recognized,  is  made  by  solution  of  40  Gm.  of  mercuric  -  i  a  mix- . 

ture  of  45  Gm.  of  nitric  acid  and  15  Gm,  of  water*      Acenrdiitg  to 
the  equation,  8HgO-f8HN03=^3Hg(NO,),-f  2X0+411,0.  047.24] 
parts  of  mercuric  oxide  require  503.12  parts  of  absolute  nitric  ad4 
to  form  970.74  uarts  of  mercnric  nitrate ;  hence  40  Gm.  will  req 
2S.32  Gm.  of  absolute,  or  34.3  Gm.  of  ofRcial,  nitric  acid  and 
yield  59.99  Gm.  of  the  m\L     Moderate  dilution  of  the  acid 
water  is  advantageous^  facilitating  tlie  solution  of  the  newly  for 
salt. 

This  very  corrosive  preparation,  rarely  used  and  then  only 
external  application^  requires  great  care  in  handling.  It  ta  i 
known  by  the  name  acid  nitrate  of  mercury  and  is  the  densest  sola- 
tion  of  the  Pharmacopoeia,  having  a  specific  gravity  of  2.10O  at 
16**  C.  (SS*'  F.). 

Among  the  non-official  compounds  of  mercury  of  interest  to 
pharmacist,  the  following  may  be  mentioned  ; 

Mercuric  Sulphate.     HgSO^.     This  salt,  which  haa  n.Ii 
been  mentioned  in  connection  with  mercurous  and  mercuric  chlor 
and  mercuric  subsuipliate,  may  be  prepared  either  by  tlie   proce» 
mentioned  under  tlie  latter  s^alt  or  by  heating  mercury  with   snl- 

E*  J  acid  and  evaporating  the  mixture  to  dryness,  when  a  crystal- 
roduct  will  be  obtained ;  water  and  sulphur  dioxide  are  eltmi«' 
during  the  operation. 

Mercurous  Taknate.  This  compound  is  prepared  by  tritcirat-< 
ing  freshly  pref>ared  and  finely  powdereil  mercurous  nitrate  with  \ 
mixture  of  tannin  and  water  until  a  homogeneous  smooth  mass  m 
obtained.  The  maj^s  is  mixed  with  a  large  volume  of  water,  and  Ibe 
green  precipitate  is  washed  with  water  until  no  trace  of  nitric  actd 
rcmaiuH,  alter  which  it  is  dried  on  porous  tiles,  at  a  temperature  not 
exceeding  40^  C  (104°  F.). 

Mercturic  Carbolate  or  Phenate.     Of  the  two  preporaiiocis 
OOeuirir  !  this  name,  the  soH-alled  normal  mercurit?  phenatevor 

merf  uj  I  ^  r^ate,  ng(CjIlaO)2,  should  be  dispcofied,  lieing  a  ataUa 
pn*paration.  it  is  obtained  f>y  mixing,  with  constant  stirrings,  an 
aleolioUc  solution  of  mercuric  chloride  with  an  alcoholic  dolutiim  of 
carbolic  acid  and  {K^tassium  hydroxide,  draining  the  yellow isb-color^ 
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precipitate,  washing  it  with  hot  water  acidulated  with  acetic  acid  and 
recrystalh'zing  from  hot  alcohol. 

Mercuric  Salicylate.  HgOClH^Oa.  This  salt  may  be  pre- 
pared by  adding  salicylic  acid  to  fresnly  precipitated  mercuric  oxide 
rubbed  into  a  smooth  paste  with  water  and  heatine  the  mixture  on  a 
water-bath  until  a  snow-white  mass  remains,  free  from  a  yellow  tint, 
which  is  then  washed  with  warm  water  to  remove  excess  of  acid, 
drained  and  dried.  The  resulting  amorphous  product  constitutes 
secondary  or  basic  mercuric  salicylate,  which  is  the  salt  generally 
employed.  Normal  mercuric  salicylate,  Hg(C7H503)2,  can  be  obtained 
by  precipitating  a  solution  of  mercuric  chloride  with  sodium  salicylate 
in  the  cold ;  the  resulting  product  is  readily  decomposed  by  heat 


*•*:»*     II-'    -rL    J  •  •c.ri    m- a    B   -z^iiaiiii^   ^^ae^^im^   JWSHft^      TV 


t-.l'.-Ili  1  *      .T-'>i  -2-inini  Gil     -  T"ifTTrTy, 

T".  '.'\  -.iTrfi   '.-infill. c  "-xznii  nuiiiL  ^nitxoLi 


^^  >::''^.'r^''"---  ;-.^ '^^^■'-^^  ^-^^^^r^rrt  ir^ii. 


^z.^  Conipo-JLiids  cf  Antimony. 

H/>.  I  .  -  <i.'.  ■v.'ii'^ri  r^i  '•^3  kn-'-vn  :br  '.-ver  250  years,  is  pre- 
f/5if<^j  '/■.  '/-.  !  .'i/ a  r;j  xvirr:  'f  a  ;:1  f»>:as5i'jni  tartraieaod  antinaoncKis 
oxi'i':  '.  >r.  -vat^-r  ?  ^r  w^m-r  tirii'i:.  ri!tirriDj  the  l:«qaiJ.  conceDtratiiiir  ^^ 
<rv;j|y/r;jV'/:j  ;jrjd  'ryrtallizin/.  The  British  Pharmacopceia  direct 
that  ;i  jrt-t*'  f/«:  frj;jd  r  of  th'r  antiraouou5  oxide,  cneam  of  tartar,  and  a 
wnall  '|tj;intity  of  wat^r.  which  i«  set  aside  tor  twenty-four  hours  to 
allo'.v  'omoi nation  to  uik*-  pla^*,  after  which  more  water  is  added  and 
th'r  mixtun;  \fti\\(i\  fur  fifteen  minut*:^  to  hriog  all  the  newlv  formed 
dotiM'r  tartmffr  into  solution. 

If  |#iir"  iiiat'-rialH  U?  u.^<l,  the  full  theoretical  yield  is  geDerallv 
ohtttin<-<i,  hut,  if  the  antiruonous  oxide  l)e  contaminated  with  oxv- 
dilorirli',  -orne  of  the  salt  will   ix»  lost  by  refusing  to  crystallize  in 
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the  mnd  lirmid.  The  following  (K[imtioii,  Shji\  -j-  2KHC\Hp,= 
2K(SbO)CjI|Og  -}'  lijO,  explains  tlie  iorraatioo  of  antimony  and 
potassium  tartrate,  the  univalent  group  SbO  replacing  the  hydrogen 
in  the  acid  potassium  tartrate,  water  being  formed  at  the  same  time. 

The  synonyms,  tartar  emetic  and  tartrated  antimony,  are  given  in 
the  Phariuacopceia  for  thifi  compound^  the  former  being  the  name 
generally  employed  in  oommeroe.  The  salt  is  recognized  in  the 
British  PharmacopinBia  as  antimonium  taiiunitum  and  in  the  German 
Pharmacopoeia  as  tartnniB  stibiatus.  It  la  generally  sold  in  powder 
form,  obtained  by  trituration  of  the  crystids.  Aqueous  solutions  of 
tartar  emetic  gradtially  develop  fungi,  and,  on  that  account,  cannot 
be  kept  on  hand  for  any  length  of  time,  nor  can  they  be  raixetl  with 
strongly  alcoholic  liquids  without  precipitation,  as  the  salt  is  totally 
insoluble  in  alcohol* 

The  Pharmacopoeia  recjuires  ab^lute  purity  for  tartar  emetic,  the 
valuation  being  made  with  deciuormal  iodine  solution  in  the  presence 
of  sodium  bicarbonate  and  starch  solution.  The  iodine,  acting  as  an 
oxidizing  agent,  converts  the  aritimonyl  into  meta-antimonic  acid, 
hyd nod ic  acid  and  s<xUo-|K)ta>tsinm  tartrate  being  also  formed  ;  the 
object  of  adding  sodium  bicarbonate  is  to  neutralize  the  two  newly 
formed  aciiU,  thereby  preventing  decomposition  of  the  hydriodic 
acid  by  the  raeta-antiraonic  acid,  which  would  lil»erate  iodine  and  thus 
vitiate  the  end-reaction.  The  equation,  (2K(8bO)(  \H  A  -r  HaO)-f- 
I,  +  8NaHCO,  =  2NaSljO,  +  4NaI  ^  2KNaC\H,0,  ^  8C0,  + 
6H,0,  shows  that  each  molecule  (or  662.42  parts)  of  crystallized 
tartar  emetic  requires  4  atoms  (or  506.12  parts)  of  iodine  for  com- 
plete oxidation  of  the  antimony  present,  hence  0.331  Gra.  will  require 
0.25306  Gm*  of  iodine  or  20  Cc.  of  its  deciuormal  solution,  for 
662.42  I  506.12  : :  0.381  : 0,25306  and  0.25306  -^  0.012653  =  20, 

In  the  official  test  for  the  prepuce  of  arsenic  the  addition  of  tin- 
foil should  be  omitted,  as  otherwise  metallic  antimony  will  Ije  pre- 
cipitated in  a  finely  divided  form,  thus  vitiating  the  reliability  of  the 
test,  which  de|>end3  ujion  the  separation  of  metallic  arsenic  by  the 
stannous  chloride. 


Antimony   Oxide,     Antiroonous  Oxide.    Antimony  Trioxide. 
SbjOj,     This  compound  is  obtained  by  first  preparing  a  solution  of 
jSntimony  trichloride,  SbCI,,,  from  antimonous  sulphide  and   hydro- 
*jloric  acid,  pouring  this  into  water,  whereby  antimony  oxychloride, 
%Clj  +  SSbjOj  (known  as  powder  of  Alga  roth),  is  precipitated, 
rhich  is  then  repeatedly  washed  with  water  and  mixed  with  a  solu- 
tion of  sotlium  carlxinate,  converting  the  oxychloride  into  pure  oxiilc, 
with  elimination  of  carbon  dioxiile  and  formation  of  iKKlium  chloride, 
thus,  (28bCI,  +  581>,0,)  4-  SNXCO,  =  6SbA  +  6NaCI  +  Sai,: 
In   place  of  sodium  C4irl>onate,  ammonia  water  is  frciinently  em- 
ploved*     After  proper  washing  of  the  oxide,  it  U  (IrltA  at  a  tern- 
.  p  A'mg  100°  a  (212**  F,),  so  aa  to  avoid  the  formation 
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Antimony  oxide  is  used  in  the  manufacture  of  tartar  emetic  and 
antimouial  powder. 

Antimony  Sulphide.  SbjSj.  Under  this  name  the  Pharma- 
copoeia recognizes  native  antimony  sulphide,  obtained  from  the  ore 
stibnite,  by  fusion,  whereby  it  is  freed  from  accompanying  infusible 
sulphides,  siliceous  matter,  etc.  It  is  the  source  of  the  other  anti- 
mony compounds,  and  is  known  in  commerce  as  black  or  crude 
antimony,  occurring  both  in  cone-shaped  masses  and  powder-form  of 
a  steel-gray  color,  and  having  a  metallic  lustre.  It  is  contaminated 
with  variable  proportions  of  arsenic  trisulphide. 

Purified  Antimony  Sulphide.  SbjSs.  In  the  oflScial  process 
for  the  purification  of  antimony  sulphide,  only  the  finely  divided 
article,  obtained  by  elutriation,  is  used,  which  is  macerated  for  five 
days,  in  a  closed  vessel,  with  diluted  ammonia  water,  with  frequent 
agitation;  the  liquid  is  then  decanted  and  the  residue  repeatedly 
washed  with  water  and  dried  at  a  gentle  heat.  Antimonous  sulphide 
is  always  associated  with  arsenous  sulphide,  which  it  is  intended  to 
remove  by  the  treatment  with  ammonia  water,  wherein  it  is  soluble. 
Hager  and  others  suggest  that  ammonium  carbonate  be  added  to  the 
mixture,  after  two  or  three  days'  maceration,  with  a  view  of  dis- 
solving less  of  the  antimonous  sulphide,  which,  although  soluble  to 
some  extent  in  the  ammonia  water,  is  totally  insoluble  in  solution  of 
ammonium  <»rbonate. 

Purified  antimony  sulphide  differs  in  appearance  from  the  crude 
sulphide,  being  a  lustreless  powder  of  dark-gray  or  grayish-black 
color. 

In  the  official  test  for  the  absence  of  more  than  ^  per  cent  ot 
arsenic,  all  antimonous  and  arsenous  sulphide  present  in  the  sample 
is  oxidized  by  cautious  ignition  with  sodium  nitrate,  sodium  meta- 
antimonate,  NaSbOj,  and   sodium   pyro-arsenate,  Na^AsjOy  being 
formed.     Upon  addition  of  water,  the  latter  salt  is  changed  into 
sodium  ortho-arsenate,  NajHAsO^,  and  readily  dissolves;  the  former 
salt  is  insoluble  in  cold  and  only  slowly  soluble  in  boiling  water. 
The  filtrate,  containing  all  sodium  arsenate,  is  boiled   with  nitric 
acid  to  convert  the  sodium  nitrite  (due  to  reduction  of  the  sodium 
nitrate  in  the  previous  operation)  into  sodium  nitrate,  after  which 
silver  nitrate  is  added,  whereby  silver  arsenate,  AggAsO^,  is  formed 
by  double  decomposition.     Upon  carefully  pouring  a  little  ammonia 
water  on  top  of  the  solution,  so  as  to  form  a  neutral  liquid  at  the 
line  of  contact,  a  white  cloud  will  be  observed  if  only  a  very  minute 
quantity  of  arsenic  was  present  in  the  sample  of  antimony  sulphide, 
but,  if  more  than  ^  per  cent,  was  present,  the  silver  arsenate  will 
separate  as  a   flesh-colored   or   reddish-brown   precipitate.      Silver 
arsenate  is  soluble  both  in  nitric  acid  and  ammonia  water,  but  is 
insoluble  in  neutral  liquids,  hence  the  separation  will  appear  only  at 
the  line  of  contact. 
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SUXPUXTRATED  AXTiMONT.  This  prefmnitiaii  cvjnsists  cJiiefly  of 
preci|)itatcd  aiitimoaoug  sulphide  mixtd  with  small  and  variable 
quantities  of  autimooous  oxide.  The  Pharmacopceia  directs  that 
prirified  native  antimony  sulphide  be  boiled  with  alxiut  twelve  titues 
its  weicfht  of  a  5  pT  cent,  8ohUion  of  stMlitim  hydroxide^  for  two 
hour;?,  the  liquid  to  Ij*^  irniiie<liato]y  straintnl,  aft*?r  which  diluted  sul- 
phuric acid  is  added,  drop  by  drop,  as  long  as  it  tiiusi*8  precipitation. 
The  precipitate  is  washed  with  hot  water  to  remove  all  sulphates* 
and  then  dried  at  a  temperature  not  exceeding  25°  C.  (77°  F), 

Crystalline  antimony  sulphide  is  not  affected  by  cold  alkaline 
liquids^  but,  upon  boiling  such  a  mixture,  a  solution  is  formed  of 
alkali  meta-autimonite  and  sulpho-antimonite,  as  shown  bv  the  fol- 
lowing tH|uation  :  Sb^S^  -f  4NaOH  =  KaSbO^  +  NajShS^  V  2H,0. 
This  9i>lution,  which  is  colorless,  is  se|>arated  by  strainiogf  and,  ujxin 
the  addition  of  sulphuric  acid,  is  decom|x>sal,  amorphous  antimonous 
sulphide  bt^ing  precipitated,  thus  :  NaSbO^  -f  Na,SbS3  +  2H,SO^  = 
SbjS,  4-  2XaJSO^  -f  2H2O.  Small  quantities  of  antimonous  oxiile 
are  also  formed  ami  remain  mixed  with  the  sulphide.  While  the 
precipitiited  autimouous  sulphide  t>ccurs  as  a  reddish-brown  amor- 

Ehous  pjwder,  it  does  not  di&er  in  its  chemical  composition  from  the 
lack  native  sulphide,  which  is  crystalline. 
The  name  Kermes  Mineral  is  also  ofB<*ially  applied  to  this  prep- 

^Aration,  which  is  not  identical  wnth  the  commercial  Golden  Sulphur 
jf  Antimony,  recognized,  in  the  British  rhiirmacopceia,  under  tiie 
title  of  siUphurakd  antimonjf.  To  the  lutter  prejianition  the  German 
Pharmacopoeia  applies  the  name  jj/<6<«m  sulphutatum  aurantidctim ; 
it  consists  chiefly  of  antimony  pentasulphide,  ShjS^,  with  fiossible 
atlmixtures  of  antimony  trisulphide  and  oxide.  Golden  sulphur  of 
antimony  is  of  an  orange-red  color  and  is  prejmred  in  a  similar  man- 
ner t«)  Kermes  Mineral,  except  that  sulphur  is  added  to  the  mixture 
of  black  antimony  sulphide  and  s<ilution  of  soda-  Ui)on  l)oiling  this 
mixture,  sodium  sulphide,  NajS,  is  formed,  which,  reacting  with  sul- 
phur and  antimonous  sulphide,  yields  sodium  sulpho-antimonate,  a 
ct>m pound  known  as  Schlipjie's  salt,  thus:  SbJS^ -f- 3NaJ^ -f  Sj  = 

|2Na,SbS^;  this  is  de€omj^M3S4xl  by  the  addition  of  diluted  sulphuric 

^Ecid  to  its  solution^  when  antimony  pentasulphide  is  prec^ipitatel, 
hydrogen  sulphide  i-sraping  and  sodium  sulphate  remaining  in  solu- 
tion, thus :  2Na^SbS.  +  3H,SO,=  Sb^S,  -f  3H^  +  3Xa^SO,.  Any 
admixture  of  antimony  trisulphide  is  due  to  the  jKJSsible  formation 

I  of  STMlium  sulphoantimonite,  Na^SbS,,  during  the  boiling  of  the 
llkulinc  liquid,  and  its  suf)se(]uent  decomposition  by  the  acid. 


The  Compounda  of  Arsenic. 

Amenic  Iodide.    AsI,.    Arsenic  is  capable  of  forming  several 

compounds  with  iodine,  of  which,  the  one  indicated  l>y  the  above 

.Ibrmula  and  more  p-     '     Tv  known  as  ars«  ^'  '1     '     \\one 

lleoogniscMxl  in  the  PIk'  .     **'•     tt  may  U*  *  "gi  i" 
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a  loosely  stopperod  tost-tul)e  or  bottle,  a  mixture  of  4  Gm.  of  i 
arsenic  and  l!0  Gin.  of  iodine  and  pouring  the  radtc<l  muss  on  a  i 
celain  slab  toeool.   Some  tnaniifacturers  prefer  to  make  it  bv  »dtlbi 
finely  powdered  metallic  arsenic  to  a  solution  of  iodiDe  in  i.^rboo  < 
sulphide,  until  all  color  of  iodine  hasdisappcareti^  then  (Xini^ntnitiB^ 
ajid  crystallizing  the  solution. 

Arsenic  iodide  must  be  carefully  protected  from  air  aod  li^H 
otherwise  it  undergoes  decomposition,  losing  iodine  and  beconiiag  ta* 
soluble  in  water.  Its  aqueous  solution  gradually  changes^  arstooca 
and  hydriodic  acids  being  formed.  The  chief  use  made  of  the  ooia- 
pound  is  in  tbc  preparation  of  Donovan's  Solution. 

Arsenous  Acid.     As^Oj.     This  compound  has   l^een  kuawa" 
centuries,  and,  alihough  it  is  still  defeiguatetl  as  an  atn<l  by  tbe  PI 
macopceia,  tlie  names,  arsenic  trioxide,  arsenous  oxide,  or  ariemiut 
anhydride,  seem  more  in  conformity  with  its  true  chanu'ter^  aii 
dry  substance  evinces  no  acid  properties  whatever,  and,  even  dts 
in  water,  siiows  only  a  very   ibeble  acid  reaction.      It   is  obt 
chiefly  as  a  by-product  in  the  roasting  of  tin,  cobalt,  and  nickel  i 
and  is  subsequently  purified  by  sublimation. 

Arsenic  trioxide  occui*s  in  two  distinct  varieties,  an  anT^"**^- 
vitreous  (glass-like)  form  and  a  crystalline,  opaque,  |R>rcN 
variety,  the  former  being  gradually  converted  into  tlie  huier  u^ 
expasure  to  moist  air.     The  solubility  of  the  two  varieties  in  _ 

differs  materially,  the  vitreous  beiug  nearly  three  times  as  aalablt 
as  the  porcelain-like  variety,  but  the  solubility  of  both  is  inc 
by  the  presence  of  hydrochloric  acid  or  alkali  hydn^xides  and 
bonates,  alkali  arsenites  being  formed  in  the  last  two  cases.  Wbe 
arsenic  trioxide  is  dissolvcil  in  water,  arsenous  acid  is  formed,  the 
AsjOj+SHjO  =  2H3ASO3,  which,  however,  cannot  bo  isolated,  as^ 
upon  evaporation  of  the  solution  arsenic  trioxide  is  again  obtaincH: 
While  alcobol  exerts  but  a  sliglit  solvent  etTect  on  either  varict 
glycerin  will  dissolve  about  one-tifth  of  its  weight  of  both,  a^tn 
positing  a  jwrtion  however  upon  dilution  with  water,  and  oil  of  Uii 
l^entine  di.ssolves  the  vitreous,  but  not  the  opaque  variety. 

Although  the  synonym,  white  arsenic^  is  i>t1icially  reoogniaed*  it 
should  be  borne  in  mind  that  the  commercial  product  in  powder 
form,  known  as  white  arsenic,  is  usually  impure  and  untit  fi>r  t>har^ 
maceutieal  purposes.  Arsenic  trioxide  should  never  Im*  purcrhttsej  ia 
powder  form,  except  in  bottles  bearing  on  the  label  the  name  of  som^ 
reputable  manufacturer  or  dealer. 

The  ciuality  of  an^nic  trioxide  can  be  readily  ascertain  '  '  tra- 
tion  with  dccinormal  iodine  solution,  which  converts  ar  iDtif_ 

arsenic  acid.     The  Pharmacopceia  requires  that  official  argaeaous  \ 
shall  contain  not  less  than  98.8  per  cent,  of  AsjO^;  0,1  Gm.  il 
solved  in  20  Ce.  of  water  together  with  LO  Gni,  of  sodium   bic 
boaate  should  decolorijsc  at  least  20  Cc.  ^I  S4)lution,  tiie  following 
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mietioD  taking  place:  AajO^-fHNaHCO^rli-f  2H,0^2Xa,HAsO, 
-i-4NaI  +  8<;t),-h5H30.  Since  one  molecule  (or  197.G8  parts)  of 
arsenic  trioatide  requires  4  atoms  (or  500,12  parts)  of  iodine  for  com- 
plete oxidation,  each  Cc.  of  ^  I  solution  must  correspond  to0.0<14942 
Gm*  AsjOj  and  20  Cc.  equal  0.O98848  Gm.,  which  is  98.8  per  cent- 
of  0.1  Gm.  The  addition  of  sodium  bicarbonate  is  made  for  the 
purpose  of  neutralizing  the  acids  formed,  thus  preventing  the  con- 
Btant  liberation  of  iodine  through  decomposition  of  the  hydriodic 
acid  by  the  arsenic  acid. 

Solution  op  ARSENors  Acid*  This  is  simply  a  solution  of 
arseni^us  acid  in  water,  containing  also  5  j>er  cent*  of  official  diluted 
hydnw-hloric  acid,  wliich  latter  is  added  snlely  to  facilitate  solution 
of  tlje  arsenous  oxide,  no  chemical  action  taking  place.  Formerly 
this  preparation  was  callc<l  solution  of  chloride  of  arsenic,  under  a 
false  impression  ;  arstnous  chloride,  As^CI^,  can  be  obtained  by 
treating  arsenic  trioxide  with  strong  hydrocidoric  acid  or  by  dis- 
tilling arsenous  and  hydrochloric  acids  together  ;  but,  uj>on  l>eing 
dissolved  in  water,  it  is  again  split  up  into  the  compounds  from  which 
it  was  made. 

The  Pharraacopceia  requires  that  the  solution  shall  contain,  in 
every  Cc,  0.010  Gm.  of  oflBcial  arsenous  acid  (corresponding  to 
about  4,86  grains  in  every  fluidouuce),  which  is  determined  l>y  titra- 
tion with  decinormal  iodine  solution,  as  in  the  case  of  the  valuation 
of  arsenic  trioxide.  24.7  Cc.  of  tbe  official  solution,  containing 
0.244  Gm.  of  absolute  A92O3  (1  Gm,  of  98.8  per  cent  arsenic  tri- 
oxide in  100  Cc.)  will  require  not  less  than  49.5  Cc.  A  I  solutioDi 
each  Cc.  of  which  corresponds  to  0.004942  Gm.  As^Oj,  for  com- 


plete oxidization, 
ceding  article. 


The  reaction  has  been  fully  explained  in  the  pre- 


SoLiTiox  OF  Arsekic  and  Mercuric  Iobide.  Red  mercuric 
ioilide,  which  alone  is  almofit  insoluble  in  water,  becomes  soluble  in 
the  presence  of  arsenic  iodide,  and,  in  preparing  the  above  solution, 
the  two  iodides  arc  trituratetl  together  and  then  mixe*l  with  water, 
when  solution  readily  takes  plact\  It  is  irap<3rtant  that  the  arsenic 
iwlide  i>c  of  good  quality,  otherwise  an  insoluble  residue  w^ill  remain. 
The  solution  contains,  in  every  Co.,  0.010  Gm.  each  of  arsenic  and 
mercuric  iodide  ((^ornsixmding  to  about  4.86  grains  of  each  in  every 
fluidounce),  and  should  l»e  prcservnl  in  small,  well-stoppered  vials, 
in  a  dark  [ilace,  as  it  is  |»rouc  to  decomposition.  When  freshly 
made  it  is  of  a  pale-straw  color,  and,  if  this  changes  to  reddish  or 
red,  iiKJine  has  been  lilierated,  and  tbe  solution  should  not  be  dis- 
jjcnscd. 

This  preparation  is  better  known  as  Donovan's  Solution,  and  was 
at  one  time  considered  a  very  valuable  remediai  agent,  but  is  little 
uited  at  present*     On  account  of  th«  powerful  action  of  arsenic  and 
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mercuric  iodides  this  solution  was  formerly  called  by  some  physicians 
The  Three  Samsons  of  Medicine. 

Solution  of  Potassium  Arsenite.  This  preparation,  popu- 
lariy  known  as  Fowler's  Solution,  is  probably  the  most  extensivdj 
employed  of  all  arsenical  compounds.  It  is  made  by  beating  arsenic 
trioxide  and  potassium  bicarbonate  with  a  small  quantity  of  water 
until  perfect  solution  has  been  eflFected,  which  when  cold  is  diluted 
with  water,  and  compound  tincture  of  lavender  added.  The  use  of 
a  small  quantity  of  water  is  favorable  to  chemical  union  between 
the  alkali  and  feeble  acid ;  the  nature  of  the  compound  depends  upon 
the  proportions  used ;  thus,  in  the  formula  of  the  United  States 
Pharmacopoeia,  one  part  of  arsenic  trioxide  and  two  parts  of  potas- 
sium bicarbonate  will  produce  the  following  reaction  :  4KHCO3  + 
AS2O3  +  SHjO  =  2KjHAs03  +  4H,0+4(X)j,  monobasic  potassium 
ortho-arsenite  being  formed,  while  the  preparations  of  the  British  and 
German  Pharmacopoeias,  made  with  equal  weights  of  arsenic  trioxide 
and  potassium  carbonate,  contain  potassium  meta-arsenite,  as  shown 
by  the  equation,  As^Os  +  KjCOj  =2KAs02  +  CO,. 

The  solution  is  most  conveniently  prepared  in  a  test-tube  of  suffi- 
cient capacity  or  a  small  long-neck  flask,  whereby  the  evaporation  of 
water  is  materially  reduced  ;  the  dilution  should  not  be  made  until 
the  liquid  is  cold.  Solution  of  potassium  arsenite  is  apt  to  develop 
fnngi  in  the  course  of  time,  and  if  an  excess  of  alkali  be  present  as 
in  the  British  and  German  preparations,  the  arsenous  add  is  gradu- 
ally converted  into  arsenic  acid ;  it  is,  therefore,  better  not  to  keep 
the  solution  on  hand  in  large  qiiantities.  While  the  preparations  of 
the  United  States  and  British  Pharmacopoeias  are  colored  reddish  by 
the  compound  tincture  of  lavender  added,  those  of  the  German  and 
French  Pharmacopoeias  are  colorless.  The  term  liquor  arsenicalis  is 
officially  used  in  Great  Britain  to  designate  this  solution. 

Owing  to  its  very  poisonous  nature,  Fowler's  Solution  should  never 
be  dispensed  without  a  physician's  prescription,  and,  although  some- 
times called  for  by  the  public,  pharmacists  should  refuse  to  sell  it,  for 
their  own  protection  as  well  as  that  of  others. 

The  official  solution  of  potassium  arsenite  must  contain  1  Gm.  of 
official  arsenous  acid  in  every  100  Cc.  of  solution,  corresponding 
to  4.86  grains  in  each  fluidounce,  which  is  determined  with  iodine, 
exactly  as  in  the  case  of  solution  of  arsenous  acid. 

Solution  of  Sodium  Arsenate.  An  aqueous  solution  of  so- 
dium arsenate,  containing  0.010  Gm.  of  anhydrous  salt  in  each  Cc 
The  object  of  using  anhydrous  sodium  arsenate  is  to  insure  uniformity 
of  strength  in  the  finished  product,  as  the  commercial  salt  contains 
variable  proportions  of  water  of  crystallization  (see  page  443) ;  the 
temperature  used  for  desiccation  should  not  be  carried  beyond  149° 
C.  (300°  F.),  in  order  to  avoid  changing  the  sodium  ortho-arsenate 
into  pyro-arsenate. 


iJOMFOl 


m. 
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This  prcjiaration  is  not  identical  with  Pearson^s  Araeoical  Solution, 
recognized  in  the  French  Pharn]aoopo3ia,  and  prepared  by  diSi^oWing 
1  part  of  crystal  I  iz4?d  smiium  arsenate  in  600  parts  of  water.  Aa 
Pearaon^s  Solution  is  sometimes  prescribed  in  this  country,  it  should 
b©  borne  in  mind  that  the  solution  of  scMlium  arsenate  of  the  United 
States  Phanna(.K>p(Bia  is  about  ten  times  as  strung  as  the  French 
preparation  bearing  Dr.  Pearson's  name. 


The  Compounds  of  Biamuth, 

BismTTH  Citrate.  BiC^HgO..  This  salt  is  prepared  by  boiling 
a  mixtui'e  of  100  Gm.  of  hismutn  subnitrate  and  70  Gm.  of  citric 
acid,  with  400  Cc.  of  water,  until  a  drop  of  the  mixture  forms  a 
dear  solution  with  ammonia  water,  after  which  it  is  diluted  with  a 
large  volume  of  water,  allowed  to  subside,  and  repeatedly  washed 
with  water  by  decantatton,  until  free  from  nitric  aciu,  and  tfrie^i  with 
the  aid  of  a  gentle  heat. 

The  use  of  a  small  quantity  of  water  is  advantageous  for  the  com- 
plete conversion  of  the  bismuth  subnitrate  into  citrate;  the  rear-tion 
taking  plaeo  nmv  Ijc  illustrated  by  the  following  equation :  (BiONO^  + 
H,0)  +  (H,C,HA  +  H,0)  =  BiC.HA  +  HNO,  +  3H,0,  which 
shows  that  100  Gm.  i»f  bismuth  subnitrate  require  68.75  Gm.  of 
crjstallize*!  citric  acid  (for  304.71  :  20f>.-5  ::  100  :  68.75),  which  kave« 
a  very  slight  excess  of  citric  acid  in  the  official  fonuu hi.  The  com- 
position of  bismuth  subnitrate  may  di tier,  however,  from  the  formula 
assigned  to  it  in  this  reaction  (see  Bismuth  Subnitrate). 

The  only  use  made  of  the  normal  bismuth  citrate  in  pharmacy  is 
in  the  manufacture  of  the  soluble  compound  next  mentioned. 

Bismuth  and  AMMOKixm  CrrRATE.  The  oflScial  formula  for  this 
eparation  directs  that  ammonia  water  shall  be  gradually  added  to  a 
Dooth  paste  made  of  normal  bismuth  citrate  and  twice  its  weight  of 
water,  until  a  pcriect  solution  has  liecn  effec^ted,  which  is  strained, 
concent rate<l  on  a  water-lwith  to  a  syrupy  consistency,  and  spread 
upon  plate<»  of  glass  to  <lry,  A  slight  ext^es^of  ammonia  water  will 
pe  advantageous,  in  order  to  maintain  a  neutral  or  faintly  alkaline 
nuition  during  cvaponttion  of  the  solution,  as  some  ammonia  will  be 
UHttd  an  acid  condition  would  muse  precipitation. 

Tli«?  exact  comjH)sition  of  this  wmpound  cannot  be  definitely 
stated.  By  some,  the  view  is  held  tliat,  by  the  action  of  ammonia^ 
bismuthous  hydroxi<k'  is  formed,  wlii**h  is  held  in  solution  by  the 
ammnnium  cltnjte  simultaneously  produceil,  giving  the  salt  the  com- 
position indrciited  by  the  formula,  Bi(OH)j  +  (NH^),C|H,Oy  +  Aq.; 
f>ther4  have  sugi»cstc<l  that  the  composition  may  be  exprescd  thus  : 
Bit;ir,( ),  ^  N 1 1/ )H  4-  H,0. 

The  s<!;ded  salt  obtaiuHl  by  the  official  process  slowly  loses  am- 
monia, unless  preserved  in  tiglilly  slop|»cn*d  botth*s,  therebv  l>ccom' 


i»-,n--i-  .i&n.-Li  i-"in^T,  nil 'C.  > TJi^tiL  3e!t:cii»:ti«!^£  :^  z:«£szi}  cc  irt*: 
*r,,*.*.'.c.  -.:  -t^i. -11  'i-rociLit.    ^"iiec  •'•*^*^"  ■•  -^Ir^-g^T-^  2?t:r^:ei  wm 

Vw>  •s.'x.  ,.  -w^i   i.  Ir  Lij.h:  i:iTtrjL- >  ioss*rfii  i^    riscrc  2?  >e- 

ir*»<-A->.  ri  A.r*,'^.  Ii.  .ri--r  v.  r>i  ii*e  5»;C"zr'  c  >f  tie  iarr«=^  aali ::  ? 
'i.'.  -V-;  -».■-.  -ffiirr  :     -i..cf-"*s.:  n.r:!"::rr  ti>i  see  j:*.-iir-  f.-r  24  ..^  .!y5 

'>^.r.;:  ..^^  V  .  -'/r  -Jiir:  :ir  ::::r:ttc  :  "r  7  frii'i:^  a::-  •exc«^<i^  of  aLinm  ca 
•■iVir  to  tr-r  'l^ii."  i..!;::  ::  ill  r/>=::rLL  '^ill  b»r  prvjipctMeO  JL:^  ci5c::nir 
'r**  riV'iroi.'-ir.  ATLr-.-Ll  -::j  n::ra:c  sa-i  trsraite  r*fca£i:ia^  in  5->I> 

rrrjiTa'r    -!ov. ;-.•   >AW\.   -^!th  "•-.■:i=:a2t   frlrriiii:.    to   a    5->!ct-V.c  •■! 

'fi>,*'..t^\  ■•.!::.  -Ajj**-.'  a:yl  ^:r:-«l  with  r/.v-Jfrrate  hear. 

7h'r  *rxjit  C'  :..{i"-;':-  n  '.f  i  .:*::;  i::!i  5ul.-;ar'r->nate  depezids  up:iQ  thr 
flf'^T'rf:  oJ  'li]rjt:'-»ii  •»:*  t:.e  wylium  c-arl>»nate  '=•:•! ut ion an*l  ihe  ltiaii*t-ra- 
Virt-  at  -.vlji^l.  tl>:  bi-rniitij  nitrate  i=  S'LImJ  and  the  final  p!>?cii»:Ta:e 
dri'r'l.  Th'r  Pharma^^fpf-ia  'l»rmanfl*  that  bismuth  sulxarfKmaxe.  i:t^.*L 
\ft'\uji  }i'<it'W  to  rwJij'-.-i.  ?-Lall  U.iive  a  yellow  n^idiie  of  bismuth  oxi^ir, 
Iji/Jj»  w-ijrl:inir  tWim  %7  to  01  percent,  of  thf  original  weiirht  \*i \Ur 
^rnph:  NvW :  a  -alt  ot  t}je  aJKive  <*<»mjM>ition  will  yieki  S8.27  wr 
'*Tit.  of  oxi'l'f,  and  probably  rfprf'S<»nt.s  the  average  t'oniiuereial  ?a!t 
of  j:«»0'l  quality.  In  England  the  salt  i>  kuuwn  as  bismuth  i^rU^natr. 
\hc  liriti-h  PharrnacojKiia  din-i.ting  the  use  of  ammonium  carU*nate 
in  phu-^fof  s/idiuni  *tirUmate,  and  a^^signin;:  the  formula  2BijOj<X),  — 
IIjO  to  the  fini?»hed  |)ro*lu<1. 

\Ui-yiV'\n  SiHMTUATK.  A  |)art  of  t!ie  process  of  nianufacnure  of 
thiH  halt  han  aln-ady  JKH^n  detailed  in  the  preceding  article.  When  a 
Holntion  of  purifi«-<l  bismuth  trinitrate  is  poured  into  water,  precipi- 
tation of  a  \wL^\i'  salt  at  onc^e  takes  plac<*,  the  nitric  acid  liberatt^i, 
however,  H'tiiining  s^ime  of  the  normal  nitrate  in  solution.     As  in 
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^ise  of  the  8al>cart)onate,  the  coiufxeitioD  of  the  precipitate  will 

Ttaj  with  the  volume  and  temperature  of  the  water  used,  aod  also 
the  temperature  at  which  the  saUis  dried.  If  precipitated  with  cold 
water,  bismuth  subnitrate  is  ftup[Kxsed  to  have  the  composition 
BiO(NO|)  -h  H^O ;  but  if  washed  with  water  for  some  lime,  a  more 
basic  salt  results,  probablv  of  the  compositiou  BiO(NOj)  +  H^O  + 
BifOH),. 

The  Pharmacopoeia  requires  that  official  bismuth  subnitrate  shall 
yield ^  when  heated  to  reaness^  from  79  to  82  per  cent,  of  its  weight 
of  bismuth  oxide ;  such  a  salt  is  represented  by  the  formula  of  the 
more  basic  salt  given  above,  yielding  the  maximum  amount  of 
oxide. 

Although  a  basic  f^lt^  bismuth  subnitrate,  mixed  w^ith  water,  shows 
an  acid  reaction,  and  should  not  be  dis|jensed  in  mixtures  contaiuiDg 
alkali  tarbonates  or  bicarlionates  as  decomposition  (often  with  ex- 
plosive violence)  will  result  (see  also  page  298)* 

In  cHjiitinental  Europe  the  salt  is  frequently  prescribed  under  the 
name  inagisierium  frwmu/AiV 

Among  the  non-official  compounds  of  bismuth  the  fallowing  are 
of  interest : 

Bi!^Mirrn  Oxide,  Bi^Oj.  This  compound  may  be  conveniently 
pre|iared  by  ImhIiuj^  bismuth  subnitrate  with  solution  of  potassa  or 
so<la,  washing  the  resulting  precipitate  well  with  water,  and  finally 
drying  it  on  a  boiling  water-bath.  It  is  otBeially  ivc^ognisEed  in  the 
British  PharraactifKEia.  Bismuth  oxide  is  of  yellowish- white  color, 
and  is  used  in  the  preparation  of  bismuth  oleate* 


BisMTTH  Saul V LATE,  Bi(CyiB03)j  +  BIjOj.  This  salt,  which, 
\  ^hown  by  the  formula,  is  a  bouHic  comjwKjnd,  is  best  prepared  by 
digesting  fre?thly  precipitated  bismuth  hydroxide  with  salicylic  acid 
at  ordinary  room  temperatui-e  for  48  hours,  tlien  washing  witii  small 

anantities  of  cold  water  until  aJl  free  acid  has  been  removed,  and  finally 
rying  in  a  dark  place  at  a  low  temperature.  It  occurs  as  a  cream- 
oolorHl  odorless,  tastelessi  amorphous  powder,  which  must  be  pro- 
tected from  light. 


Bismuth  Sitbgalxate.  This  compound,  which  is  also  known  Ai 
Dermatol,  is  preparetl  by  dissolving  crystallizeil  normal  bismuth 
nitrate  in  glacial  acetic  acid^  diluting  tlie  solution  with  water,  aud 
adding,  with  constant  stirring,  a  warm  solution  of  gallic  acid.  The 
resulting  pnxMpitate  is  washea  with  water  until  free  from  nitric  acid^ 
and  drictl  at  l(X)^  C.  (212*  F.),  It  ia  an  imj>a!nable  saffmn-yellow, 
odorless  powder,  penoauent  in  the  air,  and  insoluble  in  all  ordinary 
solvents. 


CHAPTER    LI 


THE  COMPOUNDS  OF  COPPER,  LEAD.  ZINC.  GOLD.  AND  SILVER. 

While  copper  and  gold  each  furnish  but  one  compound  recognized 
in  tlie  Pharmacopoeia^  the  official  salts  of  lead,  silver,  and  zinc  are 
more  numerous  and  of  greater  importance,  as  may  be  seen  bj  the 
following  list : 


OffldAl  English  Name. 
Copper  Salphate, 

Lead  Acetate, 

Lead  Carbonate, 

Lead  Iodide, 

Lead  Nitrate, 

Lead  Oxide, 

Lead  Plaster, 

Cerate  of  Lead  Sabaoetate, 

Solution  of  Lead  Subacetate, 

Ointment  of  Lead  Carbonate, 

Ointment  of  Lead  Iodide, 

Zinc  Acetate, 
Zinc  Hromide, 

Precipitated  Zinc  Carbonate, 
Zinc  C-hloride, 
Zinc  Iodide, 
Zinc  Oleate, 
Zinc  Oxide, 
Zinc  Phosphide, 
Zinc  Sulphate, 
Zinc  Valerianate, 
Solution  of  Zinc  Chloride, 
Ointment  of  Zinc  Oxide, 

Gold  and  Sodium  (.*hloride. 

Silver  Cyanide, 
Silver  Iodide, 
Silver  Nitrate, 
Diluted  Silver  Nitrate, 
Moulded  Silver  Nitrate, 
Silver  Oxide, 


Official  Latin  Name. 
Cupri  Sulphas. 

Plumbi  Acetas. 
Plumbi  Carbonas. 
Plumbi  lodidum. 
Plumbi  Nitras. 
Plumbi  Oxidum. 
Emplastrum  Plumbi. 
(*eratum  Plumbi  Subaoetatis. 
Liquor  Plumbi  Subacetatis. 
Unguentum  Plumbi  Carbonatia. 
Unguentum  Plumbi  lodidi. 

Zinci  Acetas. 

Zinci  Bromidum. 

Zinci  Carbonas  Pnecipitatus. 

Zinci  Chloridum. 

Zinci  lodidum. 

Zinci  Oleatum. 

Zinci  Oxidum. 

Zinci  Phosphidum. 

Zinci  Sulphas. 

Zinci  Valerianaii. 

Liquor  Zinci  ChloridL 

Unguentum  Zinci  Oxidi. 

Auri  et  Sodii  Chloridum. 

Argenti  Cyanidum. 
Argenti  Io<lidum. 
Argenti  Nitras. 
Argenti  Nitras  Dilutus. 
Argenti  Nitras  Fusus. 
Argenti  Oxidum. 


The  Compounds  of  Copper. 

Copper  Sulphate.  CuSO^+SHjO.  The  crude  salt,  known  in 
commerci*  as  blue  vitriol,  is  not  suited  for  pharmaceutical  purposes,  on 
account  of  the  impurities  (iron  and  other  metals)  present ;  and,  as 
these  cannot  l>e  removed  by  simple  recrystallization,  a  l)etter  article 
may  lie  obtained  by  direct  solution  of  metallic  copper  in  diluted  sul- 
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phnrif>  anid  aidwl  he  a  little  nitric  acid,  the  foDowuuF  rear-tion  ukinr 
pUr*.:  r.u^:iaiH'j,-iHNO,=3CiiSO,--2yO-.fcH.O.  TlieSS 
tion  may  he  rynreurratied  ami  allowed  to  (!i7sialli2e  or  evapormted  witk 
fineqa»^nt  ^tiirintr,  ^•^  that  the  -^It  will  be  obtained  in  the  form  oi  i 
crmraft  srraniiiar  powder,  whii:li  latter  is  aiore  ccMiveiiient  for  dneu- 
in$r  piirprrfje*. 

The  offi«:iai  ^ry-talli^ed  cupric  sulphate,  coatainiii^  38.1  per  cent 
of  water,  slowlv  etSoresces  apon  expoeore  to  air ;  hence  it  miBt  be 
kept  in  tisrhtly  cioeed  veaeL*.  When  deprived  ot*  all  of  its  water  of 
crystallization  at  a  D^mperature  of  20J^  C.  (30d?=  F.),  the  anhidnxB 
«tlt  forxtifh  a  valiiahle  dehy^irating  agent  and  i:^  used  in  the  preagui- 
tion  of  SL^^Antf:  al<?ohol. 

Amon^  the  non-^it&cial  compoands  of  copper  the  following  niar 
hie  mentioned  as  of  interest  to  pharmacists : 

Copper  Ar^exite.  CuHAaO,.  This  salt,  which  of  late  retre 
ban  f'/jmfi  .^jmewtiat  into  prominence,  is  obtained  as  a  erceoDR^ 
cipitate  by  decompryiing  a  isolation  of  capric  sulphate  with  poCas- 
•qinm  arsenitf^. 

Copper  A«;etate.  CarC-Hpjj—HjO.  Crystallized  cupric 
acetate,  which  was  rerognizcd  in  the  Phamiiacopceia  of  1880  mav  be 
oliCainerl  by  double  decomposition  of  cupric  sulphate  and  lead  or 
caldnm  ar^etate ;  the  solution  after  filtration  is  aeidolated  with  aoetic 
add,  cfineentrated  and  allowed  to  crystallize.  This  salt  must  not  be 
fvrnifoMndfil  with  onlinary  verdiirris,  a  basic  cupric  acetate  which  oc- 
curs in  amorphous  mass^-s  and  has  the  com  posit  ion,  CujO(C  H  O  L 

(Un'i'Eii  Nitrate.  CiifNOj).— SHjO.  A  very  deliquescent  salt 
nf(f^n'\7jf:(\  in  the  British  Pharmacopoeia  and  prepared  from  metallic 
(u>]}]}f'r  by  solution  in  diluted  nitric  acid  and  subsequent  crystalliza- 
tion. 

Copper  Alum.  By  this  name  the  German Pharmacopceia  recoc- 
nizi'R  n  inixtiin*  of  alum,  saltpetre,  cupric  sulphate,  and  camphor, 
whieh  has  also  refeivcKl  the  official  Latin  title,  cuprum  aluminatum. 
It  is  preparnl  by  fusinjr  tojrether  16  parts  each  of  potassium  alum 
cufirie  sulphate,  and  potassium  nitrate,  and  adding  to  the  fused  mix- 
ture, after  removal  from  the  fire,  1  i>art  each  of  powdered  camphor 
and  iM)w<lerHl  iM)tjissinm  alum  ;  after  thorough  incorporation  or  the 
piwners  the  mass  is  |HMired  out  on  a  slab  to  solidify.  This  mixture 
IS  sometimes  preseriUKl  by  physieians  as  lapis  divinus. 

The  Compounds  of  Lead« 

Leai>  A(  ktate.  Pi)(CJIA)2+3H,0.  This  salt  may  be  ob- 
tained  by  dissolving  h^id  oxide  in  diluted  acetic  acid,  or  by  expoeinf 
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fcfl  in  the  form  of  sheets  to  the  corabined  action  of  air  and  vinegar, 
fhe  reiiulting  solutions  are  filtered,  concentrated,  and  crygtallizetl ; 
in  order  to  secure  perfect  crystallization  a  little  acetic  acid  is  addec! 
to  the  liquid.  Purified  lead  acetate  for  dispensing  purposes  is  pre- 
pared  in  granular  form  by  dissolving  tlie  large  crystals  in  water, 
filtering  and  evaptiratiog  the  n^ilution  with  frequent  stirring,  so  that 
simall  crystals  may  Ix^  prmluced. 

Comraercially,  lead  acetate  is  better  known  as  su^r  of  lead,  on 
account  of  its  pi^uliar  sweet  taste.  When  exposed  to  the  air  it 
effloresces  and  slowly  absorl>^  carlxrn  dioxide ;  it  must  therefore  be 
preoerved  in  welKctosed  bottles  or  cans. 

Lead  Carbonate.  2PbCO,  +  Pli(OH)j  or  Pb30(0O,V  As 
shown  by  ttje  chemical  formula,  tlie  official  lead  carl)onate  is  not  a 
normal  carlionate,  but  a  mixture  of  the  same  with  lead  hydroxide. 
It  is  obtained  in  various  ways,  known  respectively  as  Dutch,  Ger- 
man, French,  and  English  niethuds,  all  of  which  have  in  view  the 
preliminary  pre[^>aratiou  of  basic  lead  acetate,  which  is  then  converted 
mto  basic  wirlwnate  by  means  of  carlvm  dioxide. 

Commercial  lead  carbonate,  better  known  as  white  lead,  occurs  of 
variable  com[>osition,  the  [proportion  of  lead  hydroxide  iyemg  much 
greater  in  some  sample??  than  in  others*  The  Pharmac^pcBia  demands 
the  absence  of  more  than  1  per  cent^  of  insoluble  foreign  matter, 
such  as  sand  and  h^d,  l)arium  and  calcium  sulphate;  the  yield  of 
86  (H*r  cent,  of  oxide  upon  strong  ignition  corresponds  to  a  compound 
of  the  alxjve  com|K)>sition. 

Jjead  carbonate  is  the  most  poisonous  of  all  lead  compounds; 
hence,  tmre  must  be  observed  in  its  application  to  excoriated  surfaces. 
It  h  recognizetl  in  the  German  Pharniacopceia  as  Cerussa* 

Lead  Iodide.  Pbr„  This  salt  ia  prepared  by  double  decomtx)- 
rition  between  cold  solutions  of  lead  nitrate  and  potassium  iodiae; 
the  precipitate  is  well  washed  with  water  and  drie^I  at  a  gentle  heat* 
Lead  acetate  may  be  u^iwl  in  place  of  the  nitrate,  but  entails  a  I088 
of  the  product,  since  lead  ioaide  is  appreciably  sohible  in  potassium 
ii€t*latr  solution. 

I>ntd  io<lide  naay  be  adulterated  with  lead  chromate,  which  re- 
sembles it  in  appearanoe;  such  an  a^imixture  can  be  detected  by 
treatment  with  a  not  solution  of  ammonium  chloride,  in  which  lead 
iodide  h  soluble,  while  lead  chromate  remains  unaflfected, 

Lkad  Nitrate.  Pb(NO,)2.  While  metallic  lead  is  soltiV)le  in 
dilutctl  nitric  «ci<l,  lend  oxide  or  c^rUinatc  is  preferre*!  for  the  nianu- 
fa**turc  of  this  salt,  as  solution  win  be  effected  more  n^adily ;  the 
solution  of  lead  nitrate  thus  obtarne<l  is  concentrated  andcryHtalli»ed. 
I>*nd  nitrate*  i^  insoluble  in  akscjliol,  and  in  this  reft|>ect  differs 
f?i>m  hjiul  iKvtate,  which  is  soluble  in  five  times  its  weight  of  that 
liquid. 
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Lead  Oxide.  PbO.  Of  the  different  oxides  of  lead  occurriDg 
on  the  market,  only  that  more  particularly  known  as  litharge  is  o^ 
ficially  recognized.  It  is  obtained  by  beating  lead  in  contact  with 
air,  to  a  temperature  of  about  400°  or  450°  C.  (752°  or  842°  F.), 
and  also  as  a  by-product  in  the  treatment  of  silver  ores  by  the  pro- 
cess known  as  cupellation. 

When  lead  oxide  is  exposed  to  the  air  it  slowly  absorbs  moisture 
and  carbon  dioxide,  a  basic  lead  carbonate  being  formed,  lience  it 
should  be  kept  in  well-closed  vessels ;  the  Pharmacopoeia  h'mits  the 
increase  in  weight  due  to  such  al>sorption  to  2  per  cent.  The  color 
of  commercial  litharge  is  not  uniform,  which  is  due  to  the  maoDer 
of  cooling  the  molten  mass ;  if  allowed  to  cool  slowly,  a  reddish- 
yellow  product  is  obtained,  while  if  cooled  rapidly,  a  yellowish-red 
color  results. 

Solution  of  Lead  Subacetate.  An  aqueous  liquid  containing 
in  solution  about  25  per  cent,  of  basic  lead  acetate  of  the  approxi- 
mate composition,  Pb20(C2H3O2)2.  The  official  directions  for  pre- 
paring this  well-known  solution  are  to  boil  for  half  an  hour  a  mix- 
ture of  17  parts  of  lead  acetate,  10  parts  of  lead  oxide,  and  80 
parts  of  distilled  water,  supplying  from  time  to  time  the  water  lost 
by  evaporation,  and  finally  adding  to  the  cooled  liquid  enough  boiled 
distilled  water  to  bring  the  total  weight  up  to  100  parts,  after  which 
the  mixture  is  filtered. 

The  lead  acetate  should  be  dissolved  in  water  first  and  the  lead 
oxide  then  added  in  the  form  of  a  finely  sifted  powder ;  both  com- 
pounds must  be  free  from  carbonate.  Distilled  water,  preferably 
that  which  has  been  boiled,  so  as  to  avoid  the  presence  of  carbon 
dioxide,  as  well  as  sulphates  and  chlorides,  should  always  be  U5?ed 
in  the  preparation  of  this  solution.  The  process  of  boiling  the  mix- 
ture is  directed  mainly  for  the  purpose  of  economizing  time,  as  the 
same  changes  will  take  place  even  at  ordinary  temperatures,  several 
days,  however,  being  required,  together  with  frequent  agitation  of 
the  vessel. 

Several  basic  lead  acetates  are  known,  the  composition  of  which 
depends  upon  the  proportions  in  which  the  lead  acetate  and  oxide 
are  employed ;  thus  the  United  States  and  British  Pharmacopoeias, 
using  the  acetate  and  oxide  in  the  proportion  of  their  molecular 
weights,  obtain  in  solution  the  basic  compound  indicated  by  the  for- 
mula, Pb20(C2H302V  according  to  the  equation,  (Pb(C2H3O2)2+3Hj0) 
+PbO=Pb20(C2H302)2+3HaO,  while  the  German  and  French  Phar- 
macopoeias, directing  the  use  of  three  parts  of  lead  acetate  to  one  of 
lead  oxide,  cause  the  production  of  a  less  basic  compound,  as  shown 
by  the  equation,  2(Pb(C2H302)2+3H2O)+PbO=Pb3O(C2H30,U 
6H2O. 

In  the  preparation  of  this  solution  other  basic  lead  acetates,  such 
as  Pb302(C2H302)2)  are  also  formed  in  small  quantities  in  addition 
to  those  already  mentioned,  and  an  insoluble  white  residue  is  always 
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left»  consistiDg  of  a  very  busic  oompoiiud^  prt>bably  having  the  com- 
position, PbA(C,H30,)^ 

Solution  of  lead  subacetate,  commercially  known  as  Goulard ^a 
Extract,  is  very  sensitive  to  c^arbon  dioxide,  the  least  exposui^  to  air 
causing;  a  film  of  basic  lead  carbonate  to  form  ;  hence  it  must  be 
prcfterved  in  tJj^htly  stop[»ered  bottles,  and  shoidd  always  lie  filtered 
in  a  closely  covereil  funnel.  It  is  incompatible  with  solution  of 
acacia,  differing  in  thi**  respect  from  the  normal  acetate. 

The  valuation  of  solution  of  lead  sul3aoc»tate  is  made  by  precipita- 
tion M'ith  normal  sulphuric  acid,  lead  sulphate  being  formetl,  accord- 
ing to  the  equation,  PbX)(C,HA),-f  2H2SO,=2PbS<3,  +  2HCUI,0, 
-f  H3O,  which  also  shows  that  each  Cc.  JH2SO4  corresponds  to 
0.13G62  Gm.  of  basic  lead  acetate  of  the  approximate  composition 
indicated  by  the  Pharmacopipia^  For  13,67  Gm.  of  the  solution 
about  25  Cc,  of  normal  acid  will  bo  requiretl,  as  25  per  cent,  of 
13.67  is  3,4175,  and  3.4175-^0.13662=25.01.  MethyUrange  has 
lieen  sclei^etl  as  nn  indi<rator,  simr  it  can  be  used  in  the  presence  of 
free  acetic  acid  (lacing  unsuited  for  organic  acids),  which  is  not  the 
case  with  litmus  and  some  other  color  indicators ;  it  causes  a  crimson 
color  with  sulphuric  acid,  and  thas  indimtes  the  end  reaction  very 
sharply  against  the  white  background  formed  by  the  suspended  lead 
sulphate* 

The  PbarmacH)pceia  also  reoognizes  a  dilute  solution  of  lead  sub- 
acetate^  made  by  mixing  3  volumes  of  the  above  solution  \inth  97 
volumes  of  distilled  water.  This  preparation  is  popularly  known  as 
lead-water. 

The  Compounds  of  Zinc. 

Zmc  AcETTATE.  Zn(C,U  A)i+2H30-  This  salt  may  he  pre- 
pared by  solution  of  either  zinc  oxide  or  carbonate  in  hot,  moder- 
ately diluted  acetic  acid.  After  filtration  the  solution  is  allowed  to 
cool,  when  a  large  portion  of  the  newly  formed  salt  $e]iaratcs.  A 
further  yieli!  of  crj'stals  may  be  obtainal  by  concentration  of  the 
mothrr-liquor.  It  is  better  to  crj'stallize  the  salt  from  a  slightly  acid 
aolution,  so  as  to  avoiil  the  fiirmation  of  basic  zinc  acetate. 

Zinc  atietat*^  ujxm  exjiosure  to  air  slowly  effloi^'scx's  and  loses  actlic 
add,  a  basic  m\i  lieinj^  formeci  at  the  aame  time;  henoe  it  ahoidd  be 
pftterved  in  well-stopjiercd  bottles. 

ZxNc  BuoMiDE.  ZnBr,,  The  most  convenient  method  for  pre- 
paring this  salt  is  digestion  of  pure  granulattxl  zinc  with  a  solution 
of  hydrobromic  acid  as  long  as  reactson  continues,  then  filtering  and 
evaporating  the  solution  to  dryness.  Zinc  bromide  may,  however, 
[mho  be  obtained  by  mutual  decompositioQ  between  «ine  sulphate  and 
J  potassium  bromide  or  by  the  direct  action  of  bromine  on  metallic 
sine  in  the  praaenoe  of  water. 

Zinc  '  *    18  a  very  deltquesoeot  salt,  and  must   therefore  be 

Jtopl  in  ^  Itjsed  with  glass  stoppers  coated  with  paraffin.     The 
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Pharraampmia  roqiiires  absolute  purity  for  tlua  salt,  allowmg  mef>elr 
traces  of  moisture,  which  is  determined  by  titration  witb  dectoomial 
silver  nitrate  solntioD.  Since  each  molecule  of  dry  zinc  brotntden^- 
quii'es  two  niolet^ulea  of  silver  nitrate  for  complete  precipitattoa^  0#3 
Gni*  will  rcquirc  0.4528[)  Gm,  of  the  silver  suit;  this  quantity  is 
represented  by  26.71  Cc.  of  y^  AgNO^  solutioD, 

Precipitated  Zinc  Carbonate.  This  compotind  is  obtatoed 
by  mutual  decorapoBition  between  zinc  sulpliate  and  sodium  cairboo- 
ate.  On  mixing  cold  solutions  of  these  two  salts,  normal  zioc  car- 
bonate is  precipitated  in  a  gelatiuous  form,  but  rapidly  undei^gooft 
decomposition,  carlj<3u  dioxide  lieing  liberated,  whereby  a  portioil  of 
the  prei'ipitale  is  a^ain  diss4>lvc^L  If,  however,  the  solution  of  xioc 
sulphate  be  addeil  slowly  and  with  constant  stirring,  to  a  boiliJig 
solution  of  sodium  t^rhonate,  carbon  dioxide  is  rapidly  expellee!  and  a 
basic  zinc  carbonate  prec»ipitateil,  thus,  5(ZnS04  +  TFIaO)  -f-  6(Nii,CXI, 
+  lOHjjO)  =  (2ZnCOj  +  3Zn(OH),)  H-  5Na,SO,  +  3CX>,  +  82H,0  : 
the  mixture  is  boiled  for  a  short  time,  atk^r  which  the  precipitate  ia 
waslietl  with  water  until  all  sodium  sulphate  is  removed  and  tbeci 
dried  at  a  i^entle  heat.  Potassium  carbt>nate  is  not  so  well  adapted 
as  the  sodium  salt  for  the  process,  as  the  resulting  potasaium  unl- 
phate  is  les^s  readily  washed  out,  and  aminouiura  carbonate  is  unequit- 
able, since  it  docs  not  completely  preci[>itate  the  zinc. 

The  eompositiim  of  commeivial  zinc  earlxjnate  will  naturally  varr 
with  the  particular  process  employed  in  itfe  manufacture  and  tbt*  rela- 
tive proportions  of  the  two  sultH  used.  The  British  Pharma»>p(Bta 
assigns  the  formula,  ZnCX>j+3Zn(OH)j-|-H20,  to  the  official  article, 
tltereby  indicating  a  more  l^isic  compound  than  the  one  above  mra* 
tioned. 

Impure  native  zinc  carbonate,  contaminate<l  with  iroa,  ia  koowo 
in  commerce  as  calamine,  and  was  at  one  time  use<l  in  pharrnin*!-  Ibr 
the  preparation  of  Turner's  Cerate. 

ZiNc  Chloride.  ZnCla-  This  salt  may  be  obtained  by  evap* 
orating  the  official  solution  of  zinc  chloride  to  dryoes^i,  with  coufitant 
stirring,  adding  toward  the  close  of  the  operation  a  little  hydro- 
chloric  acid  to  avoid,  as  far  as  |M)ssiblc,  the  formation  of  oxychloride. 
Owing  to  tlif^  very  hygrosci)pic  character  of  tlie  salt,  it  must  be  trana* 
ferred  while  still  warm  to  perfectly  dry  bottles,  which  shmiUi  be 
closed  with  paraffined  glass  stoppei's. 

The  entire  absence  of  liasic  salt  in  zinc  chloride  is  scarcely  poeeible, 
and  the  Pharmacopreia  pi>?scnl)cs  the  limit  by  dircf^ting  that  1  drop 
of  hydrochloric  acid  shall  clear  up  the  opacity  causrHl  in  5  Cc*  of  a 
5  per  cent  aqueous  solution  of  the  salt  by  the  addition  of  ao  eqattl 
volume  of  alcohol.  If  flocculi  are  oljserved  in  a  solution  of  sioe 
chloride,  they  are  evidence  of  the  presence  of  oxychloride,  and  should 
be  removed  by  the  cautious  addition  of  dilute  hydrochlorie  acad. 
As  sine  chloride   acts  destructively    upon    vegetable    fibrt\  ^trone 
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so1iUio»s  of  it  should  always  be  filtered  through  asbestos  or  glass 
wooL 

The  Pharmacopceia  demands  that  the  official  salt  shall  eoutain 
99.84  pot  cent,  of  pure  ZtiClj;  each  Co.  of  j^  AgNO^  solution  cor- 
resfionds  to  0.006792  Gra.  ZnCl^*  hence  0.3  Gm.  of  the  salt  will  re- 
quire 44.1  Cc.  for  complete  precipitation,  as  99,84  pex  cent  of  0.8 
is  0*29952  and  44.1  X 0.006792=0.29952. 

Zinc  Iodide.  Znlj.  This  salt  can  be  prepared  by  dii*ect  union 
of  iodine  and  zinc  in  the  presence  of  water,  wljeii  xinc  icxlide  will 
be  formed  with  lil»eration  of  hydrogen*  The  sohilion  thim  obtained 
is  evaporated,  vvitli  constant  stirring,  to  dryness,  the  resulting  salt 
resembling  rioc  bromide  in  appearance*  Upon  ex|>o8ure  to  air  zinc 
iodide  is  gradually  oxidized,  ioiline  l)eing  lilr>enited  and  the  salt  be- 
coming colored,  hence  it  must  be  kept  in  small,  tightly  stoppered 
vials  ;  like  the  bromide  it  is  also  very  deliquesct^nt 

Zinc  iodide  should  iTintain  not  less  tiian  98*62  i>er  cent,  of  pure 
ZnL,  which  is  ascertained  by  titration  with  deciuormal  silver  nitrate 
solution  ;  each  Cc,  of  tlie  latter  corresponds  to  0.015908  Gra.  Znl,^ 
O.o  Gm.  of  the  official  salt  will  require,  therefore,  not  less  than  31 
Co.,  for  98.62  per  cent,  of  0,5  ts  0.4931,  and  0.4931-^0.015908= 
81.  If  31,4  Cc.  y^  AgNOji  solntion  l>e  re^^iilre*!  for  complete  pre- 
cipitation of  0.5  Gni.  of  zinc  rhioride,  the  salt  is  absolutely  pure 
and  dry,  but  if  more  be  ne<^essary,  zinc  bromide  or  chloride  is  present 

Zinc  Oxide.  ZnO.  For  pharmaceutical  purposea  «inc  oxide  is 
usually  obtained  by  heating  prt*cipitated  zinc  carbonate  in  a  crucible 
until  all  carlmn  dioxide  and  water  have  been  expelled,  the  pnicefls 
being  identical  with  that  for  the  production  of  magnesia  ;  thus, 
2ZnOO,+3Zn(OH),=5ZnO +200,  (  3H,0.  A  red  heat  is  not 
neoiittary,  decora (josition  already  taking  place  at  a  tern j>erature  of  250** 
or  280°*C.  (482**  or  536^  F.).  The  lower  the  temperature  employed 
for  expelling  the  carbon  dioxide  the  whiter  will  be  the  oxide  obtained^ 
a  full,  rc<l  heat  always  causinjjj  a  de-cidtxl  vpIIow  tint. 

Zinc  oxide  is  occasionally  desi^nat*  •*  riHc?  (flowers  of  zinc), 

nihil  athum  (white  nothing),  otlana  j*  ^     <  •«  (philosopher's  wool), 

and  an  impure  gray  variety  was  formerly  use<l  under  the  name  iiUui 
or  tatty. 

ZlKC  PuaspHi DR.  ZujIV  Phiisphonis  and  zinc  may  lie  made  to 
naite  by  carefully  adding  small  pieces  of  the  former  to  fuseil  zinc 
contained  in  a  crucible,  but  it  is  difficult  to  obtain  a  product  of 
uniform  composition.  A  more  desirable  method  for  preparing  the 
oomp)und  is  that  of  Proust,  whereby  a  mixture  of  hydrt^n  phos- 
phiae  and  nitrogen  is  passed  into  a  porcelain  tube  containing  metallic 
rinc  ht^ted  to  redness,  the  metal  combining  with  the  phosphorus, 
while  the  nitro^a  and  lilK^ratCHl  hydrogen  escape  ti»gethcr. 

Zinc  phosphide  must  lie  pnserved  in  tightly  stop|)ered  vials,  bb^ 
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upon  exposure  to  air,  It  slowly  emits  pkosphoroua  vapor,  indie 
decomposition  ami  oxidation. 

Zinc  Sulphate.  ZnSO^-f  THjO.  This  salt  is  manu factored  « 
II  large  scale  by  digesting  metallic  zinc  with  diluted  siilphurie  woA^ 
when  zinc  sulphate  is  formed  and  hydrac^en  eliminated.  As  iroo  if 
generally  present  in  zinc,  thi«also  is  disst)lve<l  and  is  removed  lir  fint 
converting  it  into  a  ferric  salt  (by  passing  chlorine  into  the  anlutioo) 
and  afterward  adding  zinc  ctirbonate,  whereby  all  iron  is  preeipitaled 
as  ferric  hydroxide.  The  sohition  of  zinc  sulphate  is  sepsfml^d  bjr 
filtration,  content  rated,  and  allowed  to  crystalline. 

Commercial  zinc  sulphate  fi^quently  contains  free  acid|  and  b 
usually  (.<on tarn iuatcii  with  iron  and  otiier  metals  ;  for  phammoeiiliGial 

Eurposes  only  the  purified  salt  in  small  crystalline  granules  sfaottU 
e  used.  On  account  of  the  acid  reaction  of  an  aqueous  aoluttuo  of 
Kinc  sulphate  with  litmus  |)aper,  free  acid  to  be  detected  n  -^  *  ex* 
traeted  with  alcohol,  w4iich  has  no  effect  on  the  salt,  as  i.  1  io 

the  Pharmacopceia. 

Zinc  Valerla^nate.  Zn{C^B.f^.^.^^2T3.f^.  When  hot  solu- 
tions of  s^iKlium  valerianate  and  zinc  sulphate  are  mixed  double  d^ 
oom|M>sition  takes  place,  sodium  sulphate  and  zinc  valeriauate  beio|^ 
produce<l,  the  former  of  whirh  remains  in  solution,  wdiile  a  pf>r  " 
of  the  zinc  salt  separates  iu  the  form  of  scaly  crystals  and  ria 
the  surface  j  a  further  yield  of  crystals  may  be  obtained  m^cm 
centration  of  the  mother-liquor.  The  crystals  are  aftcrwam  drained, ' 
washed  with  small  quantities  of  cold  water,  and  dried  at  ordinanr 
temi>erature. 

Solution  op  Zinc  Chloride.  An  aqueous  solution  of 
chloride,  ZnCI^,  containing  aljout  50  |)er  (?ent,  of  the  anhydrous  i 
The  official  directions  for  preparing  tliis  solution  are  to  digest  metal- 
lic zinc  with  moderately  diluted  hydrochloric  aeid  until  the  aeid  is 
saturated  ;  tlie  solution  is  decanted,  and  after  the  addition  of  a  small 
quantity  of  nitric  acid  evaporated  to  dryness ;  the  dry  niiiss  is 
heate<l  to  fusion  at  a  temperature  not  exceeding  116**  C  (230** 
allowe<l  to  crK)l  and  dissolved  in  sufficient  water  to  bring  th<»  w**igfit 
of  the  solution  up  to  1000  Gm.  for  every  840  Gm.  of  hydrtH^lduric 
acitl  and  240  Cim.  of  zinc  employed,  Fimdiy  some  zinc  carbonate 
is  adik'^i,  the  mixture  agitated  oociisional ly  during  24  hours,  allonred 
to  settle,  and  tljc  clear  liquid  diML^mted. 

The  object  of  adding  nitric  acid  to  the  solution  is  to  convert  any 
iron  pre,*^ent  (derived  from  the  zin<')  inti»  ferri*' chloride.  To  raiiovs 
any  nitrogen  wmixjunds  or  nitrate  fiirmed,  the  liquid  is  further  evap* 
orated  to  dryne-ss  and  fused  Wow  1  lo"^  C.  (230**.  F*),  &o  as  to  avoid 
volatilization  of  any  zinc  chloride.  The  final  addition  of  sine  car- 
liomUe  pn'cipiuites  all  iron  ns  ferric  hydroxide,  and  thus  a  solntioQ 
of  zinc  chloride  oolv  is  obtained*  
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Solution  of  zioc  chloride  has  a  specific  gravity  of  about  1.535  at 
15**  C.  (59*^  F.),  and  is  chiefly  usea  for  di^iofecting  piirp<3ses.  It  is 
practicalJy  ideotical  with  Burneti-,*^  disinfecting  fluid. 

Besides  the  forgoing  eompouDds  of  zinc  the  following  are  of  in- 
terest: 

Zinc  Hypophosphite.  Zn(Il2F^O,)2+H,0.  This  salt  may  be 
conveniently  prepared  by  dissolving  zinc  oxide  or  carbonate  in  hypo- 
phosphorous  acid  and  allowing  the  solution  to  crystallize* 

Ziwc  Lactate.  Zn(C3H50j)2+3H30,  If  moderately  dilute 
lactic  acid  l>e  neutralized  with  zinc  c^rlxjnate,  heating  the  mixture  if 
necessary,  and  the  resulting  solution  concentrated  and  set  aside  to 
cool,  crystals  of  the  above  composition  will  be  obtained. 

ZiKc  Phosphate,     Zn3(P04)2-f  4H2O.     When  a  hot  solution  of 

zinc  sulphate  is  added  to  a  hot  stilution  of  official  sodium  phosjphate, 
a  white  crystalline  precipitate  of  zinc  phosphate  reisultf?,  which  is 
subsequently  washed  with  water  to  remove  all  sodium  salt  and  then 
dried  at  ordinary  temperature. 

Zinc  Salicylate.  Zji{C^Yif>^^^^V{p,  This  salt  may  be 
C4>nveniently  obtained  by  gradually  adding  to  a  hot  mixture  of 
the  salicylic  acid  and  water  an  aqueous  suspension  of  zinc  oxide  as 
long  as  solution  \b  effected,  which  is  then  filtered  and  allowed  to 
GrystftUbe. 

ZiKC  SULPBOCABWOLATE,  ZniSOgC^HjOHlj+SHp.  This  salt 
may  Ix?  prefiared  by  mutual  decomposition  between  solutions  of  barium 
or  lead  sulphocarlx>late  (see  soclium  sulphixarljoiate)  and  zinc  sul- 
phati%  filtering  the  mixture  and  evaporating  the  clear  liquid  to  crys- 
tallization. The  Britisli  Pharmacopoeia  r»x>ommends  simple  satura- 
lirni  of  sulphm'arlK>lrc  acid  with  zinc  oxide.  Cry.stals  of  zinc  sul- 
plicK^arbulate  are  of  a  reddish  color  unless  the  solution  has  been 
ari«lul;Ued  with  sulphuric  acid. 


The  Compounds  of  Qold. 

Gold  akd  Sodiuii  Chloride.  The  official  preparation  ts  not 
tlie  trueclouble  salt  of  the  same  name,  hut  a  mixture  of  gold  chloride 
and  soiltuni  chloride.  The  double  chloride  of  gold  and  scKlium, 
known  also  as  sodium  chloroaurate^  contains  about  76  })cr  cent,  of 
pure  auric  chlori<le^  whereas,  the  ofilcial  compound  <-<jntaina  but  60 
per  cent  The  exrn^t  (\»m[K>sitr»>n  of  <*oniraeninl  gold  and  s<Mliitm 
chloride  dejx'nds  upon  the  uuhIc  nf  preparation  ;  a  Nimf>le  mechani- 
cal mixture  made  by  tritumting  smlium  and  gold  chlorides  toijf  thcr 
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in  equal  proportions  would  be  in  conformity  witli  the  ofHeial  defild* 
tiou,  but  if  the  preparation  *m  made  after  the  method  directed  m  tbt 
German  Pliarniacopoeia,  a  mixture  of  the  true  double  salt  and  Midinm 
chloride  is  sure  to  result;  by  adding  a  solution  of  t^xliuiu  chl(iri<Je 
to  one  of  an  equal  weight  of  auric  chloride  and  evaporating  the  mix* 
ture  to  dryness,  a  similar  preparation  is  possibly  obtained, 

Anliydrous  auric  cliloridc,  AuCIj,  may  Ik*  pre|>ared  by  diasolviiig 
gold  in  nitroHiuriatie  acid,  evaporating  the  solution  to  dryn^B,  dii^ 
94>Iving  the  residue  in  water,  and  wircfully  evaporating  the  liquid  t0 
dryne?!is  at  a  temperature  not  exceetling  150^  C.  (302**  F.);  thisoper* 
ation  is  necessary  to  free  the  salt  from  acid,  but  a  higber  tempemtuiv 
must  l>e  avoidetl,  \^t  de^i'onipo^ition  of  the  auric  chloride  into  aiinjof 
chloride  and  chlorine  occur* 

A  solution  of  metallic  gold  in  a  mixture  of  nitric  and  b^'dm- 
chloric  aci<ls  c^>ntain-^  chloroaurie  acid,  a<-'cording  to  the  equtitioOr 
Aa,+2HNO,+8HCl=-2HAu(  1,or2(AuCl3  f  HCl)+2NO4-iiH,0, 
and  by  adding  to  ^uch  a  solution  sodium  chloride,  the  double  salt^ 
so<Jium  cliloroaurate,  is  obtained  upon  evaporation,  thus  :  HAoCl 
+  NaCl:=NaAuei,  or  (AuClj-f  NaCl)  +  HCL  For  the  fannatioii 
of  this  compound  5*187  parts  of  auric  chloride  require  1  part  cif 
sodium  chloride ;  henee,  if  equal  parts  of  the  two  salts  are  used  a 
large  excess  of  the  Sfidium  chloride  will  he  present. 

Tlie  amount  of  gold  present  in  any  sample  of  the  commrrcial 
double  chloride  can  be  ascertained  by  treatment  witli  an  exoaa  of 
some  ritlucing  agent,  whereby  metallic  gold  is  precipitated.  Eitbcr 
terrous  sulphate  or  oxalic  acid  may  be  employed,  the  reiiction  occur- 
ring l)eing  illustrated  by  the  following  equations:  2AuClj+6(FoSO 
+  7H,0)-Au,+2(Fe;(SO,V)  +  Fe,a,+42H,0  or  2AuCU-^8(H,C, 
O,+2HjO)=Au,4-GC0,+6HCl-f6H,O,  From  the  9.?cond  oqut- 
titm  it  is  seen  that  377 J  parts  of  crystallized  oxalic  acid  <'tin  precip- 
itate 393*4  parts  of  metallic  gold;  hence,  in  the  official  test,  0J5 
Gra.  of  the  metal  will  require  0.143  6m.  of  the  acid,  thus  instiring 
the  necessaiT  excess  of  the  latter. 

Gold  chloride  being  readily  reduced  by  contact  with  orimntc  mat- 
tcr,  all  sucli  mixtures  should  l3c  avoided,  and  n^  the  official  prepan 
tion  is  chieRy  used  in  pilbform,  non-ox idizable  excipicnts  onlv  filioiild 
be  employed  (see  also  page  313). 


The  Compounds  of  Silver. 

SiLVKtt  CvANiDE.  AcCX.  This  salt  may  be  prepared  ^tittf 
by  |>aB8ing  frcghly  distilled  hydrocyanic  acid  into  a  solution  of  f^w 
nitrate  or  by  adding  a  s^jlution  of  the  latter  m\i  to  a  8i>lutiot)  of  purv 
potattsium  cyanide  as  long  as  a  precipitate  continiK*s  to  Ije  formed.  In 
cither  case  the  precipitate  must  be  well  ^^mshe^l  with  water  anJ  dric^l 
in  a  ilark  place. 

Silver  cyanide  becomes  discolored  upon  exposure  to  light,  and  mxK 
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ihei'efore  be  kept  in  dark  bottles.     It  is  usee!  in  pharmacy  solely  for 
the  extem|K>raneous  preparatiou  of  diluted  hydrocyanic  acid. 

Silver  Iodide,  Agl.  When  a  solution  of  silver  nitrate  is 
addf'd  slowly  and  with  constant  stirring  to  a  ftoUition  of  potasfiium 
iodide,  a  light-yellowish  preeipitate  of  silver  iodide  is  fbrme<l  by 
mutual  decomposition,  which,  alter  being  well  washed  with  water, 
may  be  dried  upon  paper.  Owing  to  the  very  slight  solubility  of 
silver  iodide  In  ammonia  water,  contamination  with  silver  chloride 
or  bromide  can  \ye  readily  detected  by  the  pharmatxuKeial  tests.  If 
absolutely  pure  the  salt  remains  unaltered  by  exp«>sure  to  light,  but 
the  commercial  article  usually  assumes  a  greenish  tint- 

The  salt  is  scarcely  ever  used  in  mccJicine  now,  »nd  its  recognitiou 
in  the  Pharmacopoeia  appears  quite  superfluous. 

Silver  Nitrate.  AgNO^.  This  salt  k  preferably  made  from 
pure  silver,  and  in  order  to  obtain  a  prtKluct  free  from  acid  the 
metal  is  dissolved  in  nitrie  arid,  the  solution  evaporated  to  dryness, 
the  residue  fused  aud  redis^olveil  in  water,  the  sohitiun  tiltered  and 
allowed  to  crystallijce.  The  evaporation  to  dryness  and  fusion  of 
the  residue  are  for  tlie  pur|K>se  of  ex|>elling  any  unccirabined  acid 
present,  which ^  if  the  first  solution  were  allowed  to  crystallize, 
would,  to  some  extent,  be  mechanically  retaiuf^l  wnthin  tlie  crystals: 
a  temperature  exceeding  200^  C.  (392°  F.)  must,  however,  be 
avoided,  le>it  some  of  the  silver  nitrate  be  reduced  to  nitrite. 

Silver  nitrate  is  easily  decomposed  by  cfintact  with  organic  matter, 
and  when  exp<3^^  to  light  gradually  assumes  a  gray  color ;  hence 
proper  pre^'autions  must  be  observed  in  keeping  and  dispensing  it. 

The  Pharma<H>poeia  requires  absolute  purity  for  cry8talliz€»d  silver 
nit  rate,  which  is  detenu  incil  by  titratiou  witli  dccinormal  sixiium 
iJiloride  solution.  The  equation,  AgNOj+NaCl^AgCU  +  NaNO,, 
shows  that  169,55  parts  of  the  silver  salt  recjuire  68.37  {>arts  of 
sodium  chloride  for  complete  precipitation  ;  hence  each  Ce.  A  NaCI 
solution  corresponds  to  0.01G955  Gm.  AgXO^,  and  0.34  Gm.  of 
crvstallizeil  silver  nitrate  requires  20  Cc.  of  the  decinormal  solution, 
for  0,016i)55  X  20=0,85910. 

^  DllXTED  SiLVKR  NrrBATE*  This  preparation  differs  from  the 
preceding  in  ctitntalning  only  33  1-3  (>er  cent,  of  pure  silver  nitrate, 

^and  being  much  milder  in   its  action^  is  also  known  as  mitigated 

^Gsosiia  It  is  maile  by  fusing  together  30  parts  of  silver  nitrate  and 
60  parts  of  potassium  nitrate,  and,  vvhcn  a  smooth,  uniform  mixture 
retiults,  pouring  the  molten  mass  into  suititble  moulds,  usually  of  a 
narrow  cone  sliape 

The  amount  of  pure  silvcT  nitrate  pri*&ent  in  any  sample  may  be 

I  ifloertainfHl  by  means  of  decinormal  8o«lium  chloride  solution,  an 
rxcf-ss  ai*  whirh  is  added  and  determined  sulieequeutly  l)y  n-titratiun 
with  d<H:*iiH»rmnl  silver  nitrate  solution,  using  pc>tassiuin  chrnmatc  as 
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an  indicator.  The  two  solutions  being  of  equal  value  volumetricallj, 
the  number  of  Ccy^  AgNOj  solution  required,  after  addition  of  20  (i. 
y^NaCl  solutiou  in  the  official  test,  to  cause  a  permanent  red  precip- 
itate of  silver  chromate,  subtracted  from  20  gives  the  exact  number 
of  Cc.  ^VNaCl  solution  necessary  to  precipitate  all  the  silver  from  1 
Gm.  of  diluted  silver  nitrate ;  this  number  multiplied  by  0.016955 
and  then  by  100  gives  the  percentage  of  silver  nitrate  present  in  the 
sample. 

Moulded  Silver  Nitrate.  Under  this  name  the  Pharmaco- 
poeia recognizes  a  mixture  of  silver  nitrate  and  chloride,  containing 
5  per  cent,  of  the  latter  salt,  and  prepared  by  adding  1  part  of  hydro- 
chloric acid  to  25  parts  of  pure  silver  nitrate,  melting  the  mixture 
at  as  low  a  temperature  as  possible  and  casting  the  mass  in  moulds. 
The  object  of  converting  a  part  of  the  silver  nitrate  into  chloride  is 
to  render  the  resulting  mass  less  brittle. 

The  synonym,  lunar  caustic,  given  to  this  preparation  in  the  Phar- 
macopoeia does  not  correspond  with  the  same  term  commercially, 
which  is  usually  applied  to  pure  silver  nitrate  moulded  into  sticks, 
as  also  indicated  in  the  British  Pharmacopoeia.  The  latter  authority 
applies  the  name  taaghened  caustic  to  a  mixture  of  95  parts  of  silver 
nitrate  and  5  parts  of  potassium  nitrate. 

The  valuation  of  fused  silver  nitrate  is  made  exactly  as  in  the  case 
of  diluted  silver  nitrate.  Like  all  silver  salts,  this  one  must  also  be 
protected  from  light  to  prevent  discoloration. 


Silver  Oxide.  AggO.  This  compound  may  be  obtained  by 
adding  a  solution  of  pure  silver  nitrate  to  a  solution  of  potassa,  soda, 
or  lime,  washing  the  resulting  precipitate  well  with  water  and  finally 
drying  the  same  on  a  water-bath.  Ammonia  water  is  not  suitable 
for  the  process,  since  it  forms  a  soluble  compound  with  the  oxide, 
having  the  composition  AgjO+NHg. 

When  ignited  in  a  porcelain  crucible,  silver  oxide  should  yield 
93.1  per  cent,  of  its  weight  of  metallic  silver.  Like  silver  iodide, 
the  oxide  is  very  rarely  employed  in  medicine  at  the  present  time.  It 
is  quickly  decomposed  by  oxidizing  agents,  and  must  never  be  trit- 
urated with  organic  substauces. 


ORGANIC    SUBSTANCES. 


Under  this  head  are  classified  those  many  compouods  of  carbon, 
Ijydrogen,  and  oxygen,  frequently  associated  with  nitrogen,  sulphur, 
phosphorus^  and  other  elements,  which  are  chiefly  derived  from  the 
vegetable  kingdom  i  a  few  are  also  obtained  from  the  antmal  king- 
donii  and  some  are  produced  synthetically. 

Prior  to  1828,  when  Woehler  announced  to  the  scientific  world 
the  successful  synthetic  production  of  urea,  an  excretory  product  of 
the  animal  economy,  solely  from  inorganic  material,  thereby  estab- 
lishing the  intimate  reJationship  between  organic  and  inorganic  mat- 
ter, the  agency  of  a  peculiar  vitalizing  force  was  considered  essential 
for  the  formation  of  all  so-called  organic  IxKJies.  No  elements  un* 
known  to  the  mineral  kingdom  have  ever  l>een  found  in  organic  bodies, 
and  the  one  feature  which  serves  to  distinguish  this  very  large  class 
of  chemical  compounds  from  those  c^oramonly  designated  as  inor- 
ganic substances,  is  the  invariable  presence  of  mrbon ;  the  term 
carbon  compounds  is  therefore  most  appropriately  applied  to  them. 

The  simplest  form  of  tzarbon  comi>ounds  are  the  hydixxarbons, 
composed  exclusively  of  carbon  and  hydrogen;  of  these,  two,  meth- 
ane, CH4,  and  benzene,  C^H^,  may  be  said  to  be  the  source  of  all 
oi^nic  compounds,  the  constitution  of  which  has  thus  far  been 
studied  and  explained.  The  derivatives  of  these  two  hydrocarbons 
differ  so  widely  in  their  properties  that  they  have  been  conveniently 
groupisl  iuto  two  main  classes,  designated  as  fatty  and  aromatic  c-!om- 
pounds  respectively. 

It  is  not  within  the  scojje  of  this  book  to  enter  into  a  detaile<l 
study  of  the  so-called  organic  substances,  and  attention  will  be  given 
only  to  those  of  pharmaceutical  interest. 
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CELLULOSE  AND  ITS  DERIVATIVES. 

All  plants  are  made  up  of  certain  proximate  prinemles,  to 
they  owe  their  growth  and  value  as  nourishing:  or  medicinal  agt^ii 
The  most  widely  diftiised  suhatant^  in  ilie  vegetable  kiogvlom  i*i  eel 
lu!o8e  or  cell  membrane,  which  goes  to  umke  up  tfie  hody  of 
plants.  During  the  growth  and  development  of  plants,  some  o 
cell  membrane  undergoes  a  change,  becoming  gradually  b&rd 
woody  ;  to  this  modified  form  of  cellulose  the  name  liguin  has 
given,  and  the  woody  fibre  of  plants  is  assume*]  to  be  a  ec]pnil>tnatioii 
cellulose  and  lignin,  called  liguose.  Cellulose^  and  lignin  berti^  ioacil- 
ubie  in  all  ordinary  solvents,  the  chief  ul)ject  in  pharmaceutical  pro- 
ceBses  is  to  extract  from  them,  by  appropriate  treatment,  the  quidt 
valuable  principles  they  often  enclose  and  upon  which  the  mcdiciiial 
value  of  vegetable  drugs  depends. 

Lignin  has  not  yet  been  obtained  in  a  pure  state,  but  pure  cellu- 
lose has  been  isolated  as  a  colorless,  miorless,  and  tasteless  gelslioiioi 
mass,  which,  upon  drying,  forms  a  horny  substance,  or  may  be  ob- 
tained as  a  white  jHiwder.  It  is  solulile  in  a  solutiotj  of  cupric  hi 
droxide  in  ammonia  water,  known  as  Schweitzer's  reagent,  forme 
amucilagioous  tluid  which,  after  dilution,  admits  of  filtration, 
upon  addition  of  an  acid,  is  again  precipitated.  The  elemci 
compasition  of  pure  cellulose  corresponds  to  the  formultt,  C^I 
or  multiples  thereof,  as  CjjHj(,0,^  or  CigHs^^Ou. 

Cellulose  is  officially  recogulzei]  in  the  form  of  gossypium,  or  < 
ton,  and  patent  lint  and  paper  are  further  examples  of  iu  Wbnl 
heated  with  potassium  or  scDdiuni  hydroxide  it  is  gradual  I  v  con  rerted' 
into  oxalic  acid,  alkali  oxalates  being  formed,  and,  if  boiled  with 
diluted  sulphuric  acid,  dextrin  is  produced,  which  is  linaMy  dianged 
into  dextrose,  from  which  alcohol  can  be  obtainefl  by  fermeutamo. 
ImmersetJ  in  strong  sulphuric  acid,  cellulase  undergoes  convt!i«*oo 
into  a  sutetance  ralletl  amyloid,  upon  which  the  preparation  of 
parchment  imjwr  dcj>cnds»  the  j>oreg  of  the  paner  becoming  filled 
with  this  raoilifinl  ccllulos^^,  and  thus  made  tough  and  imcK^rv'iotts  to 
water,  Prolongetl  contact  of  the  paj^cr  with  strong  sulphuric  ariil^j 
however,  is  hurtful,  the  resulting  pro*  1  net  InHioming  friable  ;  bene 
the  best  results  are  obtained  if  the  pa|>er  l>e  simply  drawn  throu|;^h  \ 
mixture  of  two  parts  of  concentrated  sulphuric  acid  aad  one  pari  < 
water,  anil  then  immediately  well  washed  in  water, 

Offtcial  purified  cotton,  commemally  botter  known  as  abAorbcol"^ 
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fcnnoD7'^  prepared  by  first  boiling  carefully  carcle<l  <:'otton  in  a  weak 
'  alkaline  solution^  for  the  purjxi^e  of  removing  fatty  matter,  after 
which  it  is  rinsed  in  water  and  immei^ed  in  a  weak  solution  nf 
chlorinated  lime.  It  is  siibseouently  washed  in  water  slightly  acidu- 
lated vvith  hydrochloric  acid  ana  again  well  rinsed  in  water.  If  the  cot- 
ton still  retains  fat,  the  trealujent  vvith  alkali  is  i"e{>eated  until  the  final 
pnxluct  is  found  i-ompletely  alisorbeat.  For  the  raore  thorough  re- 
moval of  water  aiier  washing'  the  cotton,  recourse  is  had  to  centri- 
fu^l  machines  by  means  of  which  the  material  is  rapidly  dried. 

Medicated  cotton  is  usually  prepared  by  impregnating  absorbent 
cotton  with  a  solution  of  the  medicinal  agent  in  alcohol  and  glycerin 
and  subsequently  dryiuijj  the  glycerin  not  l>eing  volatilized  serves 
as  an  adhtsive  agent  for  retaining  the  active  ingredient  on  the  fibre 
of  the  cotton.  The  solution  is  used  of  a  deJioite  strength  and  in 
such  quantity  that  the  whole  of  it  will  be  absorbed  by  and  saturate 
the  material.  Benzoated,  borated,  carbolated,  iodized,  salicylated^ 
and  other  medicated  cotton  is  prepared  in  this  or  a  simitar  manner* 
The  jHTcentage  of  medicinal  a|rcut  present  must  be  calculated  on  the 
l»asis  of  finishe<l  prcKiuct,  irrespective  of  any  adhesive  agent  that  may 
have  l»€en  employed,  and  which  naturally  forms  a  part  of  tlie  finished 
product ;  ihus^  25  Gm.  of  10  [ler  cent,  borated  cotton  should  contaia 
2.5  Gra,  of  boric  acid  or  10  Gm.  of  5  per  cent,  carbolated  cotton 
should  contain  0.5  Gra.  of  pure  carbolic  acid,  etc.  It  has  been 
suggested  that  impregnation  of  cotton  with  a  5  or  10  per  *3ent. 
solution  of  any  metlicinal  agent  would  ooustitnte  such  cotton  a  5  or 
10  per  cent,  medication  ;  but  such  an  assumption  is  erroneous,  since 
the  absolute  quantity  of  medicinal  agent  retaineil  by  the  cotton  must 
aUvays  be  uncertain  and  variable  in  its  relation  to  the  weight  of  the 
finished  product. 

Cellulose  and  lignose  lH>th  furnish  most  valuable  pharmaceutical 
derivative  products,  the  former  by  appropriate  treatment  with  nitric 
acid  and  the  latter  by  dry  distillation. 

PvROXYLm,  Under  this  name  the  United  States  and  BriUsh 
Pharmacopceias  recognize  a  comjK>und  soluble  in  a  mixture  of  alco- 
hol and  ether,  and  better  known  as  oollcKliua  cotton,  since  il  is  u,»*ed 
exteusiveJy  in  the  prt*paration  of  cullodiou  j  the  name  colloxylin  is 
also  used  as  a  synonym  in  this  country.  In  Continental  Euroj>e  the  two 
terms  are  not  considered  synonymous,  the  name  pyroxylin  being  appltal 
to  insoluble  gun-cotton,  and  colloxylin  to  the  soluble  collodion  cotton. 
Pyroxylin  is  officially  prepare*]  by  macerating  purified  cotton  in  a 
cook-d  mixture  of  14  volumes  of  nitric  acid  nnd  2*2  volumes  of  sul- 
phuric acid  until  the  cotton  has  Wtximc  soluble  in  a  mixture  of  1 
volume  of  alcohol  and  3  volumes  of  ether,  then  removing  all  ndher- 
iiig  ftcid  by  wiushing  first  wnth  c«jld  and  then  with  boiling  water  and 
linallv  drving  the  product  in  small  portions  at  a  moderate  heat  (60^ 

CfHO^V.)). 

\Vhen  cotton  is  thoroughly  imbueil  with  strong  nitric  acid,  cellu* 
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lose  nitrates  and  water  are  formed;  thus^  C^U  <  k 
C^HXNO,),Oa+  2H;0.  The  exact  character  of  tl  .^  i .  i^ 
ui>oD  the  gtrengtli  of  the  acid  used,  the  temperature  at  %i'h»t*li  llx- 
cottoii  is  imnoersed,  and  the  length  of  time  maceration  is  eotitJaiiHij 
thus,  di-,  tri-,  tetra-,  penta-,  and  hexanitrate  may  be  produced* 
last  two  compotmdft  are  lUf^Iuble  iu  alei>b<»l  and  ether,  and 
uofit  for  the  purjKJse*  of  official  pyroxylin,  which  latter  pr»4^^j 
consists  of  a  mixtui'e  of  cellulose  tli-  and  trinitrate.  It  i 
that  the  acids  uskI  be  of  official  strength,  and  that  the  aci 
which  becomes  heated^  be  allowed  to  cool  down  to  82**  C  (£ 
before  the  cotton  is  added,  other^vise,  in  the  latter  mse,  the 
nitrates  are  formed  and  the  staple  of  the  cotton  is  destroyed  ;  if  i 
acids  be  employed,  prolonged  rnaoeration  becomes  neoeaaary  and  ii_ 
perfect  nitration  may  result ;  in  either  case  the  product  is  losalabK 

In  order  that  the  cotton  may  be  completely  saturatc<I  with  the 
acid  mixture,  it  should  be  introduced  in  small  portians,  by  the  aid  of 
a  glass  rod.  The  sulphuric  add  used  takes  no  mrt  in  the  reaoliiiii, 
but  facilitates  the  same  by  removing  the  water  wnicb  is  t  T  ♦<!. 

Pyroxylin  was  at  one  time  looked  upon  as  a  nitre  suhsti :  ooi* 

pound,  and  called  nitrocellulose,  the  group  NO,  having  b^ea  sup- 
posed to  replace  hydrogen  in  cellulose.  Further  studies  of  oelloloec 
and  the  behavior  of  pyroxylin  toward  reagents  have  shown  the  la^er 
comix)und  to  be  a  nitric  acid  ester  or  compound  ether,  formed  bv  the 
displaceruent  of  hydrogen  in  the  hydroxyl  groups  by  the  nitric* acid 
radical,  as  shown  by  the  formulas,  C«H^(dN0^>p3  or  C^H5.(OXOJ,0^ 
The  correctness  of  this  view  is  shown  by  the  ifact  that  nitric  a4;id  can 
be  aljstracted  from  cellulose  nitnites  by  treatment  witli  alkalit*si,  ai>d 
can  also  \ye  completely  displac-ed  by  concentrated  sulphuric  acid»  c\*€i 
in  the  cold.  All  cellulose  nitrates  can  be  converted  hai^k  into  cdN 
lose  by  reducing  agents,  and  the  d^ree  of  nitration  can  l> 
determined  by  treatment  with  ferrous  sulphate  and  h 
acid,  the  nitric  oxide  liberateil  IxMUg  collected  in  a  gradu^itLMl  tnh^ 
and  from  this  the  amount  of  nitric  acid  present  can  1m?  t^ilciilated ; 
the  following  equation  explains  the  reaction :  2CaH^(OX<  )*Lt  >- 
18HC1  +  18FeSO,  -  2C,ll,oO,  +  6NO  +  6Fe^SO^  +  aFe,Cl, 

Pyroxylin  is  used  in  pharmacy  exclusively  in  the  pn  '  m  of 

plain  i\m\  nie<licated  collodiou  (see  |>age  284),  but  has  met  uirrj 

extensive  application  in  tlie  arts  in  the  manufacture  of  celJuloid^  a| 
mixture  of  pyroxylin  and  camphor. 

The  PRODrcrrs  of  Distillation,     When  wood  h  - 
heat  in  air-tight  cylinders  or  retorts  a  numlxT  of  new  i^uK 
obtained,  ixs,  a  n-sult  of  destructive  distillation,  the  chiv 
dejiendtj  largt*lr  upon  the  degree  of  heat  employed  an  i 
which   the  pro^-ess  has  been  conducted.     Both  liauid  and  _ 
products  an*  formed  and  distil  over,  while  the  solid  residue  i?*  i  anrrj 
charcoal  or  the  original  wixid  employed,  but  slightly  altered  ia] 
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appearance.  The  liquid  diBtillates  mclude  au  add  fluid  and  tar; 
me  former  is  known  as  pyrolignecms  acid  or  wood  vinegar,  which 
coDtains,  besides  acetic  acid,  acetone,  C^HjO,  racthyl  or  wood  alco- 
hol, CHjOII,  fiirfurol,  C^H^O^,  catechol  or  pyrocatechin,  C^H 4(011)5, 
and  other  substances* 


Acetic  Acid.  Although  this  acid  can  be  produced  by  the  oxida- 
tion of  weak  alcoholic  liquids,  it  is  obtained  for  the  trade  by  distilla- 
tion of  wix)d.  In  order  to  avoid,  as  far  as  possible,  contamination 
with  empyreuraatic  prixluctt*,  the  distillation  is  carried  on  at  a  teni- 

Eeralure  below  that  at  which  the  formation  of  charcoal  occurs,  or 
elow  220°  C.  (428^  F).  At  the  ejctensive  acetic  acid  works  of  E.  R, 
Squibb  &  Sons,  in  Brooklyn,  N.  Y.,  oak  wood  cut  into  small  pieces, 
about  four  inches  in  length,  is  fed  into  large  rectangular  iron  retorts, 
which  are  then  heated  in  appropriate  furnaces  and  kept  at  a  temj^erature 
of  205**  C,  (401^  F.)  for  a  |x^rio<^!  of  se%^cn  days,  during  which  time 
a  slightly  coloreil  liquid,  dilute  crude  acetic  acid,  distils  over,  the 
wood  losing  about  one-half  in  weight  and  assuming  a  dark  walnut 
eolor  and  slight  empyreumatic  odor,  but  retaiuing  its  original  struc- 
ture and  elementary  composition.  The  acid  liquid  is  neutralized 
with  soda  ash  or  sodium  carlx>nate,  and  the  resulting  sodium  acetate, 
having  been  obtained  dry  by  evaporation,  is  roastel  on  t<jp  of  the 
furnaces  heating  the  retorts,  whereby  empyreumatic  products  are 
destroyed  aud  water  aud  other  volatile  matter  driven  08'  Up<3n 
treating  the  sodium  acetate  with  sulphuric  acid,  in  suitable  stills, 
purified  aeetic  acid  is  recovei'ed. 

If  wood  is  distilled  at  temiJerntures  above  2»P  C.  (446®  P.),  the 
resulting  wood  vinegar  is  more  or  less  highly  wlored  and  poeaeeees  a 
strong  empyreumatic  odor  It  requires  a  more  tedious  prooesa  of 
purification  by  means  of  milk  of  lime,  whereby  soluble  calcium 
acetate  is  formeil  and  many  impurities  are  precipitated  as  insoluble 
calcium  comfMUUids;  the  calcium  acetate  can  be  converted  into 
sodium  acetate  by  treatment  with  sodium  sulphate,  which  is  I  hen 
further  purified  by  soliitiou,  rccrystal ligation,  roasting,  etc.,  and  is 
finally  dec*imposed  by  distillation  with  sulphuric  acid. 

Chemically,  acetic  acid  may  be  looked  upon  as  methane  or  marsh- 
gas  (CHJ,  in  which  an  atom  of  hydrogen  has  been  replacetl  by  the 
CJirbox\^l  group^  CO3H,  forming  a  monobasic  acid,  thns;  CH3tX33H= 
HCjH^Oj.  It  is  a  remarkably  stable  acid,  and,  although  rich  in 
oxygen,  is  not  <leeom posed  at  mixlcrately  high  temperatures,  nor  is  it 
reaaily  aftecttxl  by  oxidizing  or  redudiig  agents. 

The  Pliarmaco|)OMa  recognizes  thret.*  grades  of  acetic  acid,  which 
are  officially  designate*!  m  glacial  acetic  acid,  acetic  acid,  and  diluted 
awtic  acid,  and  cH3ntain,  resfjectively,  99,  36,  and  (>  per  cent,  of  ab- 
solute HC.H/>^,  The  three  acids,  recognized  by  the  same  names 
in  the  liritiish  Pliarmacop<eia,  correspond  very  closely  in  strength 
to  the  almve,  c*outaining  91>,  ii3,  and  4.27  pcT  cent,  of  absolute 
acetic  acid  respecttvely  ;  but  in  t!i».  fJ.  rn>;iti  Pharmacopoeia  the  term 
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acetic  acid  is  used  to  designate  a  solution  c^ontiiining'  96  per 

of  absolute  acid^  while  the  Genimti  diluted  ac^^tic  aeid  cootains  30 

per  cent. 

Specific  gravity  is  of  no  value  in  the  examinattoQ  of  acetic  addt 
since  the  Diaxiiiium  density  is  reached  in  an  80  per  oeii!.  '•oltittoo; 
beyond  tins  point  the  sjjecific  gravity  again  de<^reaso6  ti  lii 

acetic  acid   is  reached,  having  a  density  of  1.053.      On.. ,. 
acetic  acid  and  an  acitl  of  46  percent,  have  the  same  3|iecifii' 
1.058,  at  15°  C.  (59^  F.),  and,  if  diluted  with  water,  tbe  ih 
the  weaker  acid  only  will  fall,  that  of  the  stronger  acid  in^r^ . 
between  73  and  84  jier  cent,  acetic  acid  the  s|>ecifie  gravity  U  i 
stationary,  the  rise  between  these  two  points  amountitici^  in  u<»t  m.Ln 
than  8  ten  thousandths.     Titration  with  normal  ulkali   solutioo,  m 
directed  in  the  Pharmacopoeia,  is  the  only  correct  oieaii.'^  oraBcertatn* 
ing  the  strength  of  acetic  acid  soUitions,  each  Cc,  of  f  KOU  <ioluti«»n 
corresponding  to  0*05986  Gni,  of  a))soUite  HC^H^O^  as  showa  bf 
the  e<|uation,  KOH  +  HrjH30,=-KC,HA+HtO. 

Glacial  acetic  acid  is  obtained  by  distilling  anhydrous  sodium 
acetate  with  highly  concentrated  sulphuric  acid  and  expositig  llie  \ 
suiting  liquid  to  a  temjwrature  below  10°  C.  (50**  F*);  a(W  crv.^tal* 
lization  has  taken  place,  the  remaining  liquid  may  be  draiticd  ofrj  * 
again  ex|K)sed  to  cold  to  secure  a  further  yield  of  I'rystaU.  Glacial' 
acetic  acid  of  official  strt'n<rth  should  retain  its  crvstal  a  %% 

least  until  a  tenipertitureof  15°  C.  (5i>°  F.)  is  reached,  wlh  i  . .  iwlj 
begins  to  liquefy ;  uuich  of  the  so-called  glacial  acetic  aeid  of  iijin« 
menje  is  simply  a  strong  solution,  conUiining  from  75  to  86  per  ceol 
of  absolute  acid  and  does  not  solidify  at  a  tem|)erature  of  5°  C*  (4n 
F.)  or  even  lower. 

The  PliarmacopcQia  directs  the  use  of  glacial  aoetic  actd   id 
preparation  of  solution  of  ferric  acetate,  and  it  is  also  etup]ovi*tl  as 
excellent  solvent  ft>r  certain  essential  oils,  resiu8,  and   iatty  bcKlk 
The  acid  absorbs  moisture  from  the  air,  and  must  therefore  be 
aerved  in  tightly-stopjieretl  Imttles. 

Official  acetic  acid  is  obtainfHJ,  like  the  glacial  aeid,  by  distilling 
sodium  acetate  with  sul|ihnrie  acid  an*l  finally  adjusting  the  c^trra^ta 
to  the  requirements  of  the  Pharmaeopuia,  It  should  contain  S6  iwr, 
(*ent.  of  absolute  acetic  acid,  and  is  used  in  pharmacy  chieflv  ti>r  t'  " 
preparation  of  the  official  diluted  acid,  and  also  as  an  addition  t«  t 
menstruum  employed  for  tincture  of  sanguinaria  and  several  fluid  and 
solid  extracts. 

Acetic  acid  for  pharmaceutical  purptises  should  be  frc-e  from  emnT* 
reuma,  which  may  be  detected  by  means  of  potassium  lieraumguiaie, 
the  color  of  which  is  readily  discliai^ged  by  empyreuniatic  sul^taacca. 
Upon  neutralizing  the  acid  with  alkali  and  warming  no  foreign  odor 
should  l)e  jM'i'eeptible, 

Pharmacists  will  find  it  to  their  interest  to  purchase  strong 
acid  and  dilute  tliis  to  suit  their  requirementa,  aooordin^;  ti>  Uie 
given  on  page  65,     Aoelic  acid  o(  60  and  80  per  cent,  stn  n^^tb 
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Jk?  purchased  from  reliable  niauufacturers  at  relatively  lower  priees 
than  die  official  acid. 

Duriog  the  past  few  years  many  experiments  have  been  macle  with 
the  view  of  utilizing  a  strong  (60  per  cent.)  acetic  acid  in  place  of 
alcohol  for  the  extraction  of  aromatic,  alkaloidal,  and  rasiuous  princi- 
ples from  ve^table  drugs.  The  result*  thus  far  obtained  have  been 
very  encouraging,  and  manufacturer**  have  already  successfully  ap* 
pli«i  this  new  menstruum  in  the  pre^iaration  of  certain  aromatic  solu- 
tions. 

As  the  Pharmacopnoia  requires  the  official  acetic  acid  to  contain  36 
j>er  cent,  of  alisolute  HCjHjO^,  each  gramme  of  the  acid  will  neu- 
tralize exactly  6  Cc.  of  normal  potassium  hydroxide  solu- 
tion. The  commercial  variety  of  acetic  acid  known  as  **  No. 
8'*  should  never  l>e  used  in  place  of  the  official  acid,  as  it  is 

f  weaker^  containing  only  30  per  cent,  of  absolute  acid. 
Diluted  acetic  acid^  recommended  in  tlic  Pharmacopo  in 
place  of  commercial  vinegar  as  a  menstruum  for  several 
Beial  preparations,  is  made  by  mixing  100  Gm.  of  the 
per  cent,  acid  with  600  Gm.  of  water,  and  contains, 
therefore,  6  per  cent,  of  al>9olute  HC^HjOj.     Its  advan- 

^tigei  over  ordinary  vinegar  are  purity  and  uniformity  of 
agth,  besides  which  the  entire  absence  of  color  enables 
It  to  lie  use<l  for  colorless  solutions,  such  as  spirit  of  Min- 
dererus  and  the  like. 

While  titration  with  normal  alkali  solution  is  always  to 
be  preierred  as  a  means  of  ascertaining  the  strength  of 
dilute  solutions  of  acetic  acid,  other  methods  are  also  em- 

uployeil,  such  as  neutralization  with   S4>dium  or  |>otassium 

^bicarl>onate,  or  witli  a  standard  ammonia  solution^  in  an 
in**truraent  known  as  Otto's  acetometer,  see  Fig,  280,  The 
latter  metiuHl  is  largely  used  in  vinegar  establishments  and 
fives  rciiults  accurate  to  within  one-fifkh  of  one  i»er  cent. 
The  acetometer  consists  of  a  graduated  glass  cylinder  with 
rounded  bottom,  36  centimeters  (14.4  inches)  in  length  and 
'  centimeters  (0,8  inch)  internal  diameter.     The  lower  two 

^graduations,  marked  a  and  b,  indicate  a  volume  of  1  and 
10  Cc.  rtasipectively,  while  the  upper  part,  frtmi  b  to  12, 
is  divndcti  into  48  spaces  each  equivalent  to  0.52  Cc,  hence 
the  large  sjiace  between  any  two  figures  represents  2.08  Cc. 
The  scmition  of  ammonia  used  for  the  test  contains  1.4 
|>er  cent,  of  al>solulc  NH^i*  and  is  prepared  by  mixing  14  Gm.  of 
jfficifd  10  (KT  <tmi.  ammonia  water  v^ith  86  Gm*  of  distille<l  wat^^r  ; 

r every  2.07  Gm.  of  the  solution  measure  2. 08  Cc.  and  correspond  to 
0.1  Gm.  of  absolute  HC^H^Oj.  When  vinegar  is  to  be  tested,  1  Oe, 
of  litmus  test-84ilution  is  first  poured  into  the  tulx?,  10  Cc,  of  vinegar 
are  then  added,  whereliy  the  color  of  the  litmus  solution  is  changed 

llo  retl,  and  finally  sufficient  of  the  above  mentionetl  ammnnia  solu- 

Ition  until,  with   gentle  agitation,  the   blue  color  of  the   liquid   is 
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restored.     From  the  volume  of  ammoaia  BoIutioQ   iised^  •• 

by  the  graduatetl  tyliuder,  the  amount  of  absolute  acetic  wM  prp-^* 

<»n  be  readily  rakulated. 

When  chlorine  ia  allowed  to  act  on  acetic  acid  in  llie  siinlij  , 
chlomcetic  acid  is  formed,  three  varieties  of  which  are  ktjnwn,  t  i 
most  irajx^rtiuit  Ijeiu^  trichloraoetie  acid,  HCXI^Oj.  This  lati^  r  « -  r- 
ptmnd  occurs  in  deliquescent  crystals,  and  is  obtained  by  !r*-:ituji; 
chloral  hydrate  with  fuming  nitric  acid,  exposing  the  mtxlare  lo 
sunlight  for  several  days  until  red  fumes  are  uo  longier  evolved  and 
then  distilling. 

Among  the  substances  associated  with  acetic  acid  in  erode  wiiod 
vinegar  are  two  of  greater  interest  to  pharmacists  than  the  nsst— ^Mse* 
tone  and  methyl  alcohol.  Acetone,  CjH^O  or  CH^CXXCH^  ako 
known  as  pyroacetic  spirit,  was  heretofore  obtained  on  a  cotaniercial 
scale  solely  by  the  dei^tructive  distillation  of  acetates  (chiefly  oihawii 
acetate),  but  recently  (1895)  a  process  has  been  devisea  by  Dr.  E.  E. 
Squibb  for  decomiK>sing  acetic  acid  vapor  at  a  high  teni|><*nitnn!,  be- 
tween 500°  and  6<X)^  C.  (932^  and  1112°  R),  in  a  6|M:ctaIly  ooo- 
strncted  iron  rotary  apparatus,  whereby  a  large  yield  of  fktrtj  pure 
acetone  may  he  securciK  The  crude  acetone  thus  obtained  i»  i  '^ 
ward  purifiel  by  dehydration  with  caustic  lime  and  r^^^^-^nu 
The  decomposition  of  acetic  acid  vapor  results  iu  the  fornii^ 
tone  and  carbon  dioxide  with  the  liberation  of  water,  thus :  ziiL^ 
=C3H^OH-C02-t-H20  The  process  and  appanitus  are 
Bcril)€d  in  EphemeriSj  vol.  iv„  No.  3, 

Chemically,  acetone  belongs  to  the  class  of  compounds  known 
ketones,  which  consist  of  two  alcohol  radicals  united  by  means  of  tfc 
bivalent  group  CO,  called  carbooyl ;  hence  acetone  is  alao 
dimethyl    ketone,   and    may   be   looked    upon   as   acetic 
CH^COHj  iu  which  the  hydrogen  atom  is  replaced  by  the 
group. 

Acetone  is  now  extensively  employetl  for  the  manufiictureof  dilc 
roforra,  and  has  been  found  a  valuable  solvent  for  oleoreatn^^.  -"** 
dion  cotton,  etc.  When  pure  it  is  a  colorless,  mobile,  inftan 
liquid  of  0.7966  qx^ific  gravity  at  15^  C.  (59^  R),  and  boiimg  oi 
5G.3''  C\  (133.34*^  F.).  It  is  miBciblc  in  all  proi^rtious  with  water 
and  alcohol,  hence  tlie  commercial  article  is  usually  contaminated 
with  these  subHtancea. 

Methyl  alcohol,  or  wood  alcohol,  CUjOH,  also  known  as  pyrox- 
ylic  spirit,  or  w(jod  naphtha,  lx)iling  at  a  comparatively  low  temper^] 
ature— G6®  C.  (150.8^  F.)— may  Imj  obtained  in  a  crude  stale  by] 
distilling  wrKMl  vinegar  aflcr  neutralizing  with  :;$odium  curbonate  or 
linie,  and  coUci-ting  the  first  portions  coming  over;  wood  vinanr 
umially  contjiins  al>out  10  per  cjent.  of  wixkI  alcohol.  It  is  pnri&d 
by  heating  in  u  water-bath,  with  an  excess  of  anhvdroits  calcittm 
cfdoride,  with  which  methyl  alcohol  torms  a  crystalltae  comtKitiod, 
CuClj  4  iCHjOHjand,  after  all  volatile  matter  has  been  dbsipiii«L 
mixing  the  crystals  with  water  and  di^itilling,  whereby  tlie  oomponiiq 
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h  split  up  and  ililute  methyl  alcohol  recovered,  which  is  siibsequeDtly 
dehydrated  with  lime  and  redistilled.  Methyl  alcohol  has  been  useS 
in  England  and  (Germany  for  the  purpose  of  rendering  ordinary  or 
ethyl  alcohol  unfit  for  other  than  tt^rhnim]  uses,  by  mixing  the  two 
liquids  together;  in  Germany  a  furtficr  addition  of  allyl  alcohol  and 
acetone  is  prescribed.  Ethyl  alcohol  thus  mixed  is  known  in 
England  as  methylated  spint,  and  in  Germany  as  denaturated  alco- 
hol ;  it  is  not  subject  to  excise  tax. 

Tab  ajtd  rrs  Derivatives.  Like  wood  vin^ar,  tar  is  a  com- 
plex mixture  containing  different  rtsins,  oils,  hydrocarbons,  phenols, 
etc.,  and  yields  valuable  medicinal  products.  Official  tar  is  derived 
from  pine  wood,  and  is  recognized  in  the  Pharmaoopoeta  as  Pix 
Linuicfa»or  liquid  pitch  ;  by  distillatiou  it  yields  the  official  oil  of  tar 
and  a  hanl  residue  known  as  black  pitch. 

The  most  valuable  derivative  of  wood  tar  is  creosote,  a  mixture  of 
phenul-like  lx)die8  consisting  chiefly  of  guaiaeol  and  creosoK  Beech- 
wood  tar  is  richer  in  creosote  than  that  derive<l  from  other  woods, 
containing  usually  about  5  percent.,  and  is  therefore  a  more  econom- 
ioal  source.  Upon  distilling  the  tar,  a  light  and  a  heavy  oily  layer 
are  obtained ,  together  \yith  an  acid  aqueous  distillate ;  the  heavy  oil 
is  subeequeutly  treateil  with  a  concentrated  solution  of  sodium  car- 
bonatCf  to  remove  acid  constituents,  and  again  distilled.  That  |K)r- 
tion  of  the  second  distillate  heavier  than  water,  and  consisting  of 
impure  exeosote,  is  dissolved  in  a  moderately  strong  solution  of 
potassa  or  soda ;  any  oily  layer  separating  is  removed,  and  the 
creosote  precipitated  by  saturating  the  alkaline  solution  with  sul- 
phuric acid.  The  alternate  treatment  with  alkali  and  acid  is  repeated 
until  the  alkaline  st>huion  is  pmctit^lly  free  from  color  and  does  not 
turn  brown  on  beating.  The  precipitated  creosote  is  tinally  washed 
with  a  weak  alkaline  solution  and  water,  and  distilled,  that  portion 
distilling  between  200^  and  220^  C.  (392^-128''  F.)  being  collected. 

As  wood  vinemr  alao  oontatos  small  proportions  of  creosote,  the 
latter  is  recovered  therefrom  by  firat  separating  the  oily  constituents 
by  saturating  the  liquid  with  sotlium  sulphate,  treating  these  with 
sodium  carbonate  solution,  distilling,  and  proceeding  further  as 
above. 

When  first  distilled^  creosote  is  colorless,  but  gradually  assumes  a 
yellowish  tint,  and,  as  found  in  i-ommerce,  is  rarely  free  from  color  ; 
upon  exfwsure  to  air  the  ci^lor  darkens  materially.  Much  of  the 
commercial  creosote  is  coal-tar  creosote  or  |mrtinlly  recti tie<l  carlx)lic 
atnd,  consisting  largely  of  cresols,  and  is  totally  unfit  for  medicinal 
use ;  fur  disj>eusi ug  purposes  only  the  official  ^)t?echwocx^  creosote 
should  lie  employtHj,  which  may  readily  l>e  distinguished  from  car- 
bolic acid  by  its  iveculiar  odor,  its  lesser  solubility  in  water,  and  its 
immiscibility  wita  a  mixture  of  glycerin  and  water. 

The  name  creosote  was  given  to  this  liquid  on  account  uf  its  power 
of  preserving  meat,  and  is  derived  from  two  Greek  words — xpia^^ 
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Creosote  was  first 


flesh,  and  mo'ttu^  to  save,  to  preserve. 
from  wood  tar  in  1832. 

Whenever  creosote  is  to  be  disj)ensed  in  solution  id  plain  wmtxt  tir 
lime  water  the  re.suUinu:  mixture  should  invariably  be  pa»9ed  thfOOffb 
a  pledget  of  cottou,  as  small  particles  of  insoluble  matter  freqnomj 
separate,  particularly  in  the  case  of  lime-water  mixtures. 

Of  late  jcai-H  creosote  has  been  largely  superseded  bj  gtiatacDl, 
its  chief  constituent,  ujjon  wliieh  the  value  of  creosole  tto  dcwbi 
wholly  depends.  Guaiacol  is  containeci  in  creosote  to  the  extent  nf 
from  GO  to  90  [jcr  cent.,  and  is  obtained  from  it  by  fractional  distil- 
lation»  that  portion  distilling  lietween  2<X)^  and  205^  C.  (392*'  and 
40 P  F.)  being  collected  as  *"rude  guaiat!ol  \  this  is  treiit^nl  with  am* 
monia  to  remove  acid  compounds,  and  again  distille<l.  Th«*  lnwrr 
boiling  fraction  is  collect efj,  dissolved  in  ether,  and  treated  with  alcc^ 
holic  sohition  of  potassa,  which  causes  the  separation  of  pfitaA.«fium- 
guaiacol,  C^H^KOCH,,  the  latter  being  insoluble  in  ether.  After 
thorough  washing  with  ether  the  eom|Knind  is  crystal  I  ijoed  fnwi 
alcohol,  dtH*onipostxl  by  means  of  diluted  sulphuric  acid,  and  tbr 
liberated  guaiaetDl  again  rectified.  Guaiacol  is  rarely  found  mimh 
lutely  pure  in  coraiuercej  but  can  be  obtained  by  treating  [Hire  b«i* 
zoylguaiacol  with  alcoholic  solution  of  potassa,  and  suMcquratlj 
washing  and  rectifying  the  product;  among  chemists  gtiatami  m  alio 
known  as  raethylcat(x;hol,  being  the  methyl  ether  of  ^  rr^ 

catechin),CgH4(OH)OCH3.    (A  more  (H>mplete  aocou:  I'^x^tN 

ertit'S  and   various  combinations  of  guaiacol  may  be  found   tn  the 
National  Dispensatory,  5th  ed,,  p.  799.) 


CHAPTER    LIII. 


THE  DERIVATIVES  OF  CH^AL  TAR 

DuRlKG  the  destructive  distillation  of  coal,  itself  a  modified  form 
of  wood,  the  result  of  slow  decomposition  caused  hv  decay  and  irr- 
ineDtatave  action,  gaseous  as  well  as  liquid  products  are  obtained,  Ije- 
aides  a  solid  residue  known  as  coke,  the  process  being  similar  to  that 
Ckcearring  in  the  distillation  of  woo^L  The  gn^^es  are  used  extensively 
for  illuminating  and  heating  pur|>ose8,  while  the  coal  tar  which  con- 
tains lienzenej  C^H^,  toluene,  C^H-,  aniline,  CjHjNH^j  naphtalene^ 
CioHjj  carlmlic  acid,  CgH^OH,  and  other  irai>ortant  substances,  is 
further  distilled  and  furnishes,  l>esides  a  solid  residue,  known  as  pitdj 
or  asphalti  a  light  and  a  heavy  oil  from  which  the  above  conipounds 
are  extracted. 

The  distillate  of  coal  tar  known  as  light  oil  consists  chiefly  of 
hydrocarbons  of  various  lioilinji  points,  which  can  be  separated  n*om 
each  other  by  fractional  distillation.  The  most  important  of  these 
is  benzene,  QH^,  de.'^ignatal  by  many  as  Ijenzol,  which  furnishes  a 
numljer  of  valuable  derivative  products ;  it  is  obtained  bv  collecting 
that  portion  of  light  oil  distilling  between  80^  and  90^  C  (17<3'*  and 
194^  F.),  purifying  the  same  by  exposing  it  to  a  low  tenijiera- 
ture,w^hen  it  crystallizes  and  is  freed  frtpm  adhering  liquid  impurities 
and  redistilling.  Benzene  has  a  specific  gravity  of  0,880  at  15°  C. 
(59^  F.),  and  is  soluble  in  four  parts  of  alcohol  ;  it  must  not  l»e 
confounded  w^itb  l)enzin,  a  mixture  of  hy<lrot*arbon>  obtained  by  dis- 
tillation from  ctial  oil  or  p<?troleum.  The  latter  substance  is  recog- 
nized in  the  Pharmaco|xeia  and  is  also  known  as  i>etroleum  ether ; 
it  has  a  sfjeeific  gravitv  of  about  0.670  at  15*^  C.  (59**  F.),  boils 
Ijetweeu  50°  and  60°  C.  (122°  and  140"*  F.),  and  requires  not  less 
than  six  fiarts  of  alcohol  for  solution.  Both  liquids  are  niadily  in- 
flammable and  must  be  preservetl  witli  tiire ;  they  liave  l*een  found 
valuable  solventjs  for  fats,  renins,  t^aoutchtiuc^  volatile  oils,  and  some 
alkaloids^  and  are  used  in  plant  analysis. 

Benzene  is  extensively  ejnployed  in  the  manufacture  of  aniline, 
which  in  turn  is  used  for  the  preparation  of  certain  valuable  phar- 
maceutidd  pro<luct«^^  sucli  as  acetanilid,  antipyrine,  etc.  When  l>en- 
xone  is  addt^  in  small  portions  to  warni^  fuming,  nitric  acid,  a  dark 
nxl  liquid  is  formed,  rrom  which,  upon  the  addition  of  water*  an 
oily  precipitate  is  ol>tained,  known  as  nitrobenzene,  C^lljNO;. 

By  the  action  of  nascent  hydiogen,  subseouent  mixture  with  milk 
of  lime  and  distillation,  nitrobenzene  is  matie  to  yield  a  ba^ic  fluid^ 
called  aniltue.     It  hits  the  comjKi^ition  C^HjiXH,,  and  is  tiUo  known 
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as  amidobenzc'ue  or  nlieiiylamine ;  when  pure  and  recently  obfa&Dd^"' 
it  is  a  colorless  oily  liqiiid,  but  darkens  upon  exposure  to  ai*" 

AcETANiLiD.     CgHjNHC^HjO.     The  only  derivative  ol  atiume 
recognized  iu  the  Pharmacopoeia  is  acetanilid,  also  kaown  a«  p{if!arl* 
aeetamide.     The  terra  anil  id  is  applied  to  a  class  of  nonipoOQck  dt* 
rived  froni  aniliue  by  replacement  of  one  or  both  hyilrogeii  atocui  of 
tJie  amido  group,  NHj,  by  alcohol  or  acid  radicals,  Lenee  batJj  ttko* 
hoi  and  acid  anil  ids  are  known  to  chemists.     AoetaniHtl  is  prepared 
by  heating  in  a  fla.sk  connected  with  a  reflux  condenser,  ji   mixttin* 
of  equal  parts  of  aniline  and  glacial  acetic  acid,  until  a  sttmll 
of  the  mixture  removed  from  the  flask  congeals  on  oootini^ ;   f 
is  then  distilhxl,  when  water  and  acetic  acid  first  pass  over,  mid  . 
waixl  acetanilid,  which   is  fiubse<|uently  recrystalliaBed    from   b* 
water.     The  reaction  involved  in  this  process  consists  in  tlie  fi 
tion  of  aniline  acetate^  which,  iqwu  heatin;^,  is  split  up  into  li- 
and  water,  as  shown  by  the  equation^  C5HiNH3+HC,H5<> 
NHC,H/>  rll.O. 

The  name  antifebrin  has  also  l>een  ^ven  to  acetanilid,  bal  \mTi^  a 
proprietary  name  has  not  been  officially  accepted  as  a  synooym  to 
most  countries,  although  it  is  recognized  in  tlie  Austrian  Pfaarmacxi* 
poeia.  A  com|)ound  closely  allieil  to  acetanilid  is  eoninnf»nd 
known  as  exahfine ;  \\  is  methylacetanilid,  C^H^NCH,* 
diflFers  from  acetanilid  in  having  both  hydrogen  atoms  nj  roida 

group  replaced,  one  by  an  alcohol  rndicat,  the  other  by  an  acid  radical. 

Antipyrine  is  als<^)  prepared  from  aniline  by  a  complicaCed  prpccH!^. 
It  has  not  l>een  introduced  into  the  United  States  PbarmanopcBitf 
hut  is  recognize*!  in  the  German  and  British  PhammcopceiaSf  befii|^ 
designated  as  Pheunzone  by  the  latter  autliority.  AntipyriiHi  isA 
well-cliaracterized  base  and  forms  salts  with  acids  by  dirf?ct  addi 
Its  constitution   is  indicated  by  its  chemical  name,  dimetfaylpbl 

Eyrazolon,  but  the  copyrighted  name,  antipyrine,  is  tisually  empti 
y  physicians  and  in  commerce ;  such  names  as  analgcsioe, 
rine,  anody nine,  and  iiaro^lync  have  also  been  uskI  ns   Rvnooyms,! 
Antipyrine  is  not  used  so  freely  now  as  formerly,  and  ha>  '  and 

to  be  incompatible  with  numerous  drugs,  such  m  nodium  natv 

and  salicylate  in  solid  ft>rm,  chloral  hydrate,  spirit  of  nitrons  cther^ 
tinctures  (^ntaining  tannin,  etc. 


nidlr 
mad 


RKs<iuctN.  CeH,(OH)j.  Anotherderivativeof  t>enz4:»neused  innnd* 
icine  isrcj^jrcin.  Although  fi  rst  discovered  by  fu-iion  of  certain  r^sinii,  ni 
those  of  ammoniarr,  gjdl>aiHim,  guaiacum,  asafelida,  etc.,  with  pota!«^, 
it  is  now  manufacturtnl  on  a  large  scale  from  benzene  by  first  h< 
ibe  latter  with  fuming  sulphuric  acid  to  275"*  C.  (527^  P.), 
benzene  metadisulphouit'  acid,  C^H^  (IISO,)^,  is  formed.  This 
]g  nintrnlizt^I  with  milk  of  lime,  d*>et>mpr»sed  with  Sixliuni  cafbcioalcwl 
aiv  lotion  of  sodium  beif  -btaioea 

ev  ^  1  todrynes8;  the  i*esiciii 


9eaU|^^ 

lisaH^I 

bcioalcwfl 
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hydroxide  yields  sodium  resorcin  aad  sodium  sulphite.  Boiling  an 
aqueous  solution  of  thesaliue  mass  expels  sulpiiurous  acid  and,  u{>ou 
extracting  the  tar-like  residue  with  ether  and  distilling,  impure  resor- 
cm  is  obtained,  which  is  purified  by  sublimation  and  i*ecrystallization 
from  water. 

Resorcin  is  chemically  known  ai*  metadioxyl)euzene»  which  shows 
it  to  be  a  diatomic  phenol,  CaH4(OH)2;  two  isomerides  are  also 
known,  namely,  ortho-and  pa radioxy benzene,  designated  as  catechol 
or  pyroeatechin  and  hydroquinol  or  hydroquiuone  respectively.  The 
terra  resorcinol  is  given  as  a  synonym  in  the  Pharmacopceia,  but  this 
name  has  also  been  applied  to  a  proprietary  pi^paration  composed  of 
equal  [mrts  of  resordn  and  iodoform  fused  together,  hence  confusion 
is  apt  to  arise. 

Pure  resorein  occurs  in  colorless  crystals,  which  readily  assume  a 
pink  tint,  and  finally  turn  red  upon  exposure  to  air  and  light ;  it 
must,  therefore,  be  carefully  presen'ed,  in  tightly -stoppered  bottles, 
in  a  dark  place.  Solutions  of  resorein  also  become  rapidly  colored, 
hence  should  always  l>e  <li8[iensed  io  dark  amber-colored  vials. 

Cabbolic  Acid.  C^H^OH.  This  substance  is  chiefly  met  with 
iu  tlie  heavy  oil  distilled  from  coal  tar,  better  known  as  dead  oil. 
Crude  carbolic  acid,  which  is  also  recognized  in  the  Pharmacopceia, 
is  obtained  by  collecting  that  [>ortion  of  dead  oil  distilling  between 
160°  and  200^  C.  (302*=  and  392^  F.)  and  twice  i-edistilling  the 
same  between  160^  and  190^  C.  (320''  and  374*^  FX     It  may  be 

fHirified  by  agitating  with  warm  solution  of  soda^  whereby  crystal- 
ine  sodium  phenol,  CjHgONa,  is  produced,  which  is  freed  from  ac- 
companying foreign  matter  by  heating  and  treating  with  water;  the 
aqueous  solution  is  finally  supersaturated  with  hydnK;hlorie  acid, 
precipitating  the  phenol  as  an  oily  liquith  This  is  i*epeatedly  shaken 
with  swlium  chloride  solution,  dehydrated  with  calcium  chloride  and 
distilled  between  ICa'^  and  185^  C.  (329^  and  305^  F.).  Uiion  ex- 
posing the  distillate  to  a  low  temperature,  it  solidifies  into  a  crystal- 
line mass. 

Some  manufacturers  simply  separate  the  pure  carbolic  acid  from 
the  crude  by  fractional  distillation,  oarefully  eolk*cting  that  portion 
paamngover  betwei^n  165°  and  185^  C.  and  allowing  it  to  crystal - 
Ijie. 

The  Pharmacopoaia  requires  that  carbolic  add  shall  contain  not 
len  than  90  per  cent,  of  pure  phenol  and  have  a  cH)ngealing  point 
aot  lower  than  36®  C.  (95*^  F.)  and  a  boiling  point  not  higher  than 
188**  C.  (370.4*^  F.)  '  Absolutely  pure  carbolic  acid  melts  at  a\you% 
41**  C.  (106*'  F,)  and  boils  at  178^  C,  (360.4**  F.^,  hence  the  higher 
the  melting  point  and  the  lower  the  boiling  pomt  the  purer  is  the 
«cid* 

Of  late  years  synthetic  carbolic  acid  has  been  offered  for  sale. 
It  fa  remarkably  free  from  foreign  matter,  and  is  obtained  by  tn»t- 
ing  lienzene  with  sulphuric  acid,  whereby  ben /A^nesu  I  phonic  add, 
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HSO3C4H5,  is  prtxiueed,  which  is  theu  convtrtLtl  into  scxlioiii 
potassium  beuzenesulphooate ;  this  latter  compounc],  upon 
fused  with  an  excess  af  alkali,  is  converted  into  alkali  carlH>U*<' 
and  sulphite^  tlie  former  of  which,  upon  atklition  of  bydroetihjfic 
acid,  splits  up  into  alkali  chloride  and  carliolic  ncid,  Fioal  dMiI- 
'  latioD  of  the  carbolic  acid  yields  a  pare  prothict. 

Several  varieties  of  carbolic  acid  of  American,  £ny;Iish,  Genxmi, 
and  French  manufacture  occur  on  the  market  For  uLspctisiiig  por* 
poses  only  the  crystallijsed  acid  should  be  u^,  whicli  can  be  liqo^ed 
on  a  water-bath  and  retained  in  liquid  form  by  additioD  of  10  per 
per  cent,  of  distilled  water.  Calvert's  carbolic  acid  No.  1,  an  £of^ 
lisli  preparation,  is  of  very  fine  quality  and  probably  more  ejrtoi* 
sivcly  used  in  tliis  cotmtry  than  any  other  variety.     For  disittfectuf 

Surpos«.^8,  diflei'ent  kinds  of  crude  carbolic  acid,  varying  from  a  Terr 
ark   almost  black,  to  a   nearly  colorless  solution,  are  cmployfd*; 
they  consist  chiefly  of  cresols,  CyH^OH,  w^ith  varying  profjortiocui 
p  hen  oh 

As  already  stated  under  creosote,  on  page  553,  the  purer  vmi 
of  crude  carbolic  acid  are  also  known  as  ami  tar  creosote,  and 
sold  as  commercial  creosote.  Carbolic  acid  and  wood  tar  creo^ptf 
differ,  however,  so  widely  in  their  physical  and  clicmical  propcrlJa 
that  they  can  be  readily  distinguished  from  each  otlier  by  the  tenlfl 
given  in  the  Pharmacopteia, 

Chemically,  carbolic  acid  belongs  to  the  class  of  compounds  kfio^ 
as  phenol Sj  and,  being  the  simplest  form  thereof,  is  otleo   d 
merely  as  phenol.     The  name  carbolic  acid  was  given   to  tiie 
stance  by  Runge,  who  first   isolated  it  from  coal  tar,  on  aecoiiat 
its  source  (carbo,  coal)  and  its  acid  pro|>ertie8.    Phenols  an*  b ydmx 
derivatives  of  benzene  and  other  hydrocarbons  of  the  aroniatte 
and  occur  as  monatomic,  diatomic,  and  triatomic  conipouods,  ox 
taining  respectively  1,  2,  and  3  hydroxy  1  groups  ;  exam  {Ik's  of 
class  occur  in  the  PliarmacopcBia ;    thus,  carbolic  actd»    CgH^O^ 
resorcin,  C«H,  (OH),,  pyrogalloK  CJI,  (Oll\. 

The  Pbarmacop<:eia  directs  tliat  the  amount  of  absolute    p[ 
present  in  carbolic  acid  shall  be  determine*!  vol u metrically  liy  pri^ 
cipitation  of  the  phenol  as  tril>romophenol,  C^HjBrjOH.     The  aolo* 
tion  used  for  this  purpose  is  known  as  Koi>j)eschaar's  Solotioiip  and 
is  designated  in  tlie  Pharmacopceia  as  decinormal  bromine  sol 
although  it  contains  no  free  bromine;  it  is  a  solution  of  eoditmi 
mate  and  bromide  in  such  proportions  that  when  treated  with  h^ 
chloric  acid  an  amount  of  bromine  is  liberated  carres[KindiQg 
0.007976  <  tm,  fi>r  eacli  cubic  centimeter  of  the  solution  ttsed,  tl 
constituting  it  a  decinormal  bttuniiie  solution.     In  the  official  tist 
an  excess  of  thife  solution  is  added  to  an  a(|ueous  solutiou  orcarboGc 
acid  together  with  some  liydnx'hloric  aeid,uud  the  exoeaa  «sceriamd 
by  addition  of  iiotaHsium  iodide  and   sul>sei|Uent  titration  of 
liberated  i<»dine  by  means  of  sodium  tbiogulphate  solutioti.     Sooe 
iodine  is  liberated  by  bromine  in  exact  molecular  proprirtion*,  a  mhm 
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of  (leei normal  atxUum  thiosulphate  solution  corresponds 
i&lMkliile  to  one  cubic  eentiraeter of  decinormal  bromine  solutionj  and 
the  number  of  Cc,  f'jj  Na2S303  solution  required  to  decolorize  the 
iodine  solution  subtracted  from  the  whole  number  of  Cc.  of  ^  Br, 
solution  added  originally,  leaves  the  number  of  cubic  centimeters  of 
the  latter  solution  neeej>sary  for  the  precipitation  of  all  phenol  present 
as  tribromophenol. 

Four  distinct  reactionsoecur  during  the  performanceof  this  test  before 
the  data  necessary  for  the  calculation  of  the  j^ercentage  of  phenol  present 
are  obtaine<l,  namely ;  1.  The  liberation  of  bromine  by  means  of 
hydrochloric  acid,  thus  NaBrO,  -f  5NaBr  ^  6HCl^<3XaCl  +  Br, 
-f-8H|0;  2.  The  precipitation  of  trihromophenol,  thus  C,H^OH  -r 
Br,=C,HjBr,OH  +  3HBr ;  3.  The  liberation  of  iodine,  thus  2KI 
-f  Brj=2KBr  +  I3 ;  4.  The  decoloration  of  the  iixline  sohition, 
thus  2X838,0^  +  Ij=2>^al  +  Na^S^Og.  The  second  equation  shows 
that  93.78  parts  of  absolute  phenol  require  478.56  parts  of  bromine 
for  complete  precipitation  ;  hence  each  C-c,  of  the  bromine  solution 
corresponds  to  0.001563  Gm.  of  QH^OH,  for  478.56:93.78:: 
0.007^76  :  0.001563.  If  0.039  Gm.  of  carl>olic  acid  be  used  for 
the  volumetric  test»  24  Cc,  of  decinormal  bromine  solution  will  be 
required  to  show  116  per  cent-  of  absolute  phenol,  for  96  per  c^nt  of 
0.039  is  0.03744  and  0,001563  X  24=0.037512. 

Among  the  derivatives  of  carbolic  acid  is  one»  wliieh,  although 
not  otficially  recHignized,  is  ejttensively  employed  in  medicine,  and 
aupcarn  in  both  tlie  German  and  British  rharmacopaias,  namely, 
phenacx'tm.  The  process  for  its  preparation  is  a  tYimplii^ted  one, 
paranitixipbenol  l>eing  first  obtained  by  acting  on  carbolic  aoki 
with  dilute*!  nitric  acid  ;  this  is  converted  into  a  sodium  com|x>und, 
then  into  jmrauitrophenetol  by  the  action  of  ethyl  iodide,  aiul  finally 
into  paraphenetidin  by  means  of  nascent  hydrogen.  By  boiling  w^ith 
glacial  acetic  acid  paraphenetidin  is  I'onverted  into  para-ace tph en- 
etidin  or  phenacetin,  CgH/3C;jHsXHC\IIaO.  It  occurs  as  a  crystal- 
line powder  or  in  the  tbrni  of  colorless  scaly  crystals,  and  is  s[iaringly 
soluble  In  water. 


Naphtalene  (also  written  Xaphtalin).  C\<,H^.  This  hydrocttr- 
bon  exists  like  benzene  iu  am]  tar  ;  it  is  found  in  the  so-called  heavy 
oil,  and  is  deposite^l  m  a  dark  coloitnl  crystalline  sul>stance  from  the 
fraction  collected  between  180°  and  250°  C.  (356°  and  482^  F.),  Crude 
naphtalene  is  purified  by  successive  treatment  with  caustic  soda  and 
sulphuric  acid,  to  remove  acid  and  basic  by-products,  after  which  it 
is  rej)eiit<tlly  heate<l  with  conoerjtnited  suliihuric  acid,  being  each 
time  distilletl  with  steam,  and  is  finallv  resublimwh  The  white  nn|»h- 
talene  thus  obtained  still  ban  a  tendency  to  <larken  when  exposed  to 
air  and  light,  to  overcome  which  it  is  treated  for  a  short  time  witJi  a 
mixture  of  sulphuric  acid  and  manganese  dioxide  at  water-bath  tem- 
perature ;  finally,  tbe  product  is  waahed  with  weak  alkaUneflolution 
and  water  and  aguin  sublimed. 
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Far  pharmaceutical  purposes,  naphtalene  recrystallij&ed   from  \ 
hoi  should  alone  U*  used. 


comt 


Naphtol.     Ci.H^OH.    1  _ 

of  phenols,  bears  the  same  relation  to  uaplitalene  as  carbolic  add 
bears  to  benzene.  Napbtalene,  when  heatal  with  ecineentnited  ail* 
phuric  acid,  forms  imphtalene  sulphonic  acid,  HSO^Cj^Hy,  of  wliiie^ 
two  varieties  occur^  designated  as  alpha  and  beta  naphtalenc^il- 
phonic  acid ;  the  format  ion  of  these  two  acids  depends  upoo  the  teiB- 
perature  employed,  the  alpha  acid  being  prodiieed  at  water-bsdi 
temi>erature  ana  even  below,  and  changed  to  the  beta  vamtj  im  tht 
temperature  is  raised  Ix'yond  this  point.  Both  aeids^  when  ticated 
with  milk  of  lime,  yield  the  i*espeotive  calcium  uaphtaleoesiilpbiH 
nates,  from  which  the  corresponding  sodium  salts  are  obtatoed  Iwr 
decomposition  with  sodium  carbonate.  The  sodium  sails  ftised  witl 
caustic  soda  yield  sodium  naphtol  and  sodium  sulphite^  wbidif  bf 
tr^tment  with  hydrochloric  acid,  are  converted  into  sodSuin  cUoridf 
and  alpha-  or  lx>ta- naphtol,  as  the  case  may  l>e.  The  final  product 
is  fui-tlier  purified  by  sublimation  and  recrystitlHzatioii  from  water. 

The  PharmacopoBia  recognizes  only  betanaphtol,  and,  as  alpha* 
naphtol  is  far  more  |K>isonous  than  the  official  variety,  the  fi>rtikatitiii 
of  beta-naphtaleuesulphonic  acid  only  is  sought  to  be  insured  br 
heating  the  mixture  of  uaphtalene  and  sulphuric  acid  to  200^  d. 
(392^  R). 

Commercial  naphtol  is  frequently  contaminated  with  ttie  alpha 
variety,  for  the  detection  of  which  the  Pharmaoopceia  i^ives  a  special 
test,  depending  upon  the  production  of  a  crimson  color  cban^ini*  to 
blue,  wnen  a  2  per  cent,  aqueous  solution  of  naphtol  is  mixe«.l  «rith 
a  trace  of  sugar  and  carefully  underlaid  with  oonoentnited  sitlphnn<' 
add. 

Naphtol  furnishes  a  number  of  derivative  products  whicb  haw 
been  introduced  into  medicine,  such  as  benzonapntol  or  nanbtol  b«o- 
zoate — betol  or  naphtol  siilicylate,  known  also  as  naphtalol,  uaphto- 
salol  or  aalinaphtol — hydronaphtol — asaprol  or  calcium  naphtixUti]- 
phonate — alumnol  or  ahimtuuru  naphtolsulphonate,  etc.  Ad  aooocniC 
of  these  products  and  their  properties  can  be  found  in  tbe  Naliooil 
Dispensatory,  5th  edition,  pp*  1073, 1074* 


CHAPTER    Ln 


STARCHES,  GUMS,   AND  SUGARS. 

Besides  celhilosey  c*ertaiu  oilier  principles  are  widely  diffused  in 
th€  vegetable  klDgdom,  which  are  of  more  or  less  interest  to  phar- 
macists^ either  as  u^^eful  mcdiciutil  agents  or  because  tliey  must  be 
excluded  in  the  preparation  of  certain  galenicals.  These  are  known 
as  amylaceous,  mucilaginous,  and  Baa/harine  principles,  and  are 
usually  designated  as  s^larches,  gunjs,  and  sugiirs.  The  investiga- 
tions of  Fischer  and  others  regarding  the  chenjical  character  of  these 
well-known  plant-products  have  so  completely  changed  the  view- 
formerly  entertained,  and  so  enriched  the  knowledge  regarding  their 
intimate  relationships  that  chemi^t^  now  C(.tnsider  i^tarch,  gum,  and 
sugar,  and  also  cellulose,  as  members  of  a  group  designated  as  sac- 
charides ;  in  regard  to  their  chemical  character,  they  are  looked  uiH>n 
as  aldehydes,  ketones,  aud  anhydrides  of  certain  hexatoroic  alcohols. 

Starch.  This  substance  occurs  chiefly  in  the  seeds,  roots,  and 
rhixomes  of  plant^f,  where  it  ap}>eai'9  de|)ositeil  for  the  purpose  of 
future  nourishment  either  of  the  germinating  embryo  or  duriug  the 
next  year's  growth  of  the  plant  itscH"  When  vieweil  with  the  naked 
eye,  starch  appf^ars  as  a  structureless^  substance  in  the  form  of  a 
powder,  but  under  the  micniscx>j»e  it  is  seen  to  consist  of  round, 
ovale»  lenticular,  or  polyhedral  granules  or  cells,  differing  in  siz^e 
and  shape  accnnh'ng  to  the  source  whence  the  starch  has  been  taken^ 
as  may  be  seen  in  J  igs,  281  to  286.  Starch  granules  apjiear  to  con- 
sist of  concentric  layers  of  varying  density,  arranged  around  a  nucleus 
or  hilum  situated  in  the  centre  of  the  granule,  or  more  generally  at 
one  end  or  near  the  margin.  Tiie  formation  of  starchy  matter  an* I 
the  manner  of  its  defHisit  belong  more  projwrly  to  the  study  of 
physio! i^it^l  botany. 

While  a  valuable  dietetic  and  article  of  food,  starch  possesses  little 
or  no  medicinal  virtue,  and,  as  its  presence  largely  interferes  with 
the  stability  of  pharmarvntical  preparations,  it  is  sought  to  be 
excluded  liy  the  use  of  appropriate  menstrua.  Starch  is  insoluble 
in  cold  water,  strong  or  dilut<^  alcohol,  and  ether,  Init  when  treated 
with  boiling  water  solution  takes  place  and  a  more  or  less  gehitinoua 
mucilage  n-sult^  upon  cooling.  This  |>eculiar  bclmvior  with  water 
IS  line  to  the  fut'l  that  the  starch  granules  have  a  very  hanl  outer 
cNjttting  (by  »4)mc  authorities  looke<-l  upon  its  a  distinct  mciubnme)* 
tu  which  the  name  farinose  or  amy  I  in  has  been  given  ;  this  is  nip- 
ture«l  by  the  boiling  water,  after  which  the  whiti!  contents  of  the 
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iu  physical  and  nianv  chemical  properties.  The  most  delicate  reagent 
for  starch  is  iodine,  which  strikes  a  characteristic  blue  C4>Ior  with  cold 
stituticHis  of  starch,  and,  in  tlie  form  of  solution,  is  used  to  detect 
starch  iu  vegetable  tissues.  Conversely  starch  mucilage  is  exten- 
sively employed  in  iodimetry  as  an  indicator;  the  union  between 
stanh  and  iodine  is,  however,  a  very  feelile  one,  and  not  considered 
to  l)e  of  a  ehemi^'al  character,  as  it  is  easily  broken  up  by  heat. 

When  heated  to  190°  C.  (374°  F*)  with  glycerin,  &tan  h  furms  a 
transparent  jelly,  known  as  plasma^  which  is  occasionally  used  as  a 
vehicle  for  ointments. 

All  air-dried  starch,  when  heated  at  lOO*'  C  (212°  R)  to  constant 
weight,  loses  about  14  per  ceut.  of  water,  which  is  gradually  real>- 
sorljed  by  exposure  to  the  air ;  if  anhydrous  starch  be  mixed  w*ith  a 
small  quantity  of  water  it  absorbs  the  same  with  evolution  of  heat^ 
as  certain  iuorgauic  salts  alisorb  water  of  crystallization.  When 
heated  for  some  time  to  170^-200^  C\  (:i38**-392*=  F.),  starch  is 

fjradually  converted  into  dextrin  and  l)ecom€*s  soluble  in  cold  water, 
u*tng  at  the  same  time  its  property  of  being  colored  blue  by  iodine. 
The  same  result  occurs  if  starch  be  heated  with  diluted  nitric  or  sul- 

fihuric  acid,  the  change,  however,  taking  place  in  less  time  and  at  a 
ower  temperature;  if  the  action  of  the  diluted  acids  be  allowed  to 
continue  for  a  longer  period,  the  dextrin  is  finally  converted  into 
dextroM*  (glucose).  Diastase,  the  active  ferment  of  malt,  also  eflk'ts 
the  hydrolysis  of  staivli  into  dextrin,  and  finally  into  a  kind  of 
sugar^  ditfering,  however,  from  dextrose,  and  known  a^  maltose; 
for  this  reason  starcli  {m§te  is  used  in  the  valuation  of  malt  exlmets. 
Dextrin  is  extensively  made  for  the  market  from  potato  starch, 
either  by  the  dry -heat  process  alx)Vi?  mentioned  or  by  mixing  tbe 
starch  into  a  paste  w^ith  water  acidulate<i  with  nitric  acid,  pressing 
the  jiaste  inio  cakes,  drying,  powdering,  and  heating  for  one  or  two 
hotirs  at  110^  C,  (230^  F.),  Dextrin  occurs  in  two  varieties,  wliite 
and  yellow,  which  are  soluble  in  cold  as  well  as  hot  water,  forming 
a  niucilaginous  liquid  ;  it  has  a  sweetish  taste,  fieculiar  odor^  and  is 
also  known  as  British  gum.  loih'ne  colors  dextrin  pink  or  i^eddish^ 
unless  unaltercnl  starch  is  present,  when  a  purplish  tint  resulis. 

Two  sub»tunc«^,  allit-d  to  stanh  and  isomeric  with  it  in  com|Hist- 
tion,  are  met  with  in  certain  drugt^ ;  these  are  Hchenin  and  inulin, 
the  former  iKcurring  in  oetraria  and  the  latter  in  inula,  taraxacum, 
i?to.  Lichen  in,  als4)  known  as  moss-starch,  is  soluble  in  boiling 
water  and  gelatinizes  upcm  a)oling ;  iodine  imparts  to  it  a  dirty- blue 
color,  luulin  forms  a  clear  solution  with  boiling  water  and  doc^  nol 
gelatinize  u[K)n  ctx>ling ;  continued  t>oiling  with  water  converts  it 
into  levuloee  or  inverttd  sugar.  It  is  colored  yellow  by  iodine  and 
doc)^  not  occur  in  the  form  of  eonoentric  layers,  nor  does  it  coolain  a 
df'Hnite  and  constant  projiortion  of  water  like  starch. 

Starch   is  olitainid   for  use  by  washing  it  out  from  tlie  material 

L^ontaining  it    with    water,  the  mixtnn^   l»eing  transfcrnd   to  l:jrL!r 

|i«iv«»  or  straining-bags,  which  allow  the  starch  to  ptiss  throiigh  wit  It 
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the  water  and  retain  the  cellular  fibre.  lu  the  tuss**  tif  jxitiii*-*, 
these  are  first  grated,  while  wheat,  corn,  etc.,  are  tn^ti**!  in  liir  f'jmi 
of  flour.  Since  cereals  coDtaiQ  a  nitrogeuij&ed  |)ritieii>lt!  or  Irrmeflli 
called  gluten,  intimately  mixed  with  tlie  t^tareli^  thifi  b  rpttwnrtri 
eitlier  by  moans  of  incipient  fermentation  not  atletiitiif^  ibt;  ^an*b,  or 
it  may  be  separated  by  kneading  the  tlonr  in  muslin  img;^  white  a 
Btream  of  water  continually  falling  on  it  wa*ht^  out  the  stun-h,  \r^t' 
ing  the  glutexi  behind.     The  different  varieties  of  atarf4i  vi  A 

distinguished  from  each  other  by  their  shape  and  sixc*  i..,,,- .  .,*^ 
mifToficoi^e,  but  some  show  also  differences  in  their  behavior  with  bol 
water  and  also  fiydrochloric  acid. 

Oflieial  starch,  recognized  in  the  Pharnuicopeta  by  the  gcocvil 
Latin  term  awylum^  is  corn  starchy  and  is  usi^l  in  prepaniig  tilt 
oflieial  glyceritc  of  s^tarch.  Starch  was  known  to  the  ancieutt.  who 
applied  the  name  amyliim  (derived  from  the  Greek  woni  i 

millstone,  and  the  prefix  d,  meaning  privative  or  without)  tu  to-  ?^iii> 
etanc'c,  because  starch  could  Ik*  oblainetl  without  grtndiog  lK<w«efi 
atones,  as  in  the  ease  of  flour. 

Gums*  These  are  amorphous  translucent  sub*4tancc«,  io  all  pnJ*^ 
ability  excretorj'  products,  obtained  usually  as  exiulattoos.  They 
difier  from  starch  in  being  wholly  or  ]>artly  soluble  in  cold  walor 
and  in  not  l>eing  eoloi-ed  blue  by  iodine;  the  blue  (X>lomli(»n  pnv 
ducetl  in  tragacanth  is  due  solely  to  the  presence  of  stiirc^h*  Gnum 
may  be  divided  into  two  classes,  which  differ  from  each  lUJicr  in  phrfi- 
eal  as  well  as  chcmiad  projierties;  for  ci^nvenience  they  opl'  koomi 
as  gums  and  mucilages^  ret^pectivclv.  As  aliTiid^'  frtat<*i]  on  pup* 
185  and  296,  gums  are  prccipittttwi  fn>ni  their  iit|tieati£i  ^olitfiao  br 
strong  alcohol  and  solutions  of  ferric*  chloride  and  sodiaui  iKirate  attl 
ailicate,  the  pre<Mpitate  in  the  last  three  aises  Iwing  of  a  gfl 
character.  I>ilute<l  alcohol,  contxdning  less  thau  00  per  eii 
volume  of  absolute  alcohol,  is  capable  of  dissolving  gums  (the  ijuanti 
taken  up  increasing  with  the  decreasing  proportion  of  ahx>hul  {krt'si- 
but  glyct^riu  has  no  solvent  effect  whatever,  although  it  mixes*  d 
with  nqueous  solutions  of  gums.  The  most  deli  ' 
gum  is  solution  of  lead  sulmeetate,  which  still 
ceuc«  in  solutions  c<yntaining  1  part  of  acacia  in  I 

True  gums  consist  largely  of  ara bin  or  arable  ;i 
with  calcium,  together  with  i>otaasium  and  magnesium,     Mut-i 
consist  jmrtly  of  soluble  and  partly  of  insoluble  prineij  ' 
some  cn.'^es  contain  also  starch.    Acacia  aud  tragnainth  a ) 
r<*presi*nlatives  of  the  two  cI«sscm  in  the  Plmrmticop«rfa,  buc  l 
lages  are  also  met  with  in  nlthica»  elm  Imrk^  Itn^^i,  sasaatr 
etc.     The  soluble  portion  of  Ini^^tiinth  is  not  pnHn|iit.ntf^l  by  uhx^M 
or  solution  of  lead  sulMiit^iate,  like  iinibin,  and  the  in^^ohibl^  t-*^    n 
is  tingeil  bine  by  io<line,  as  already  Ai\U^\  almve.    Thf*  soHza 
exuding  from  the  chiTry,  i»e«ch,  and  plum  tr«*«^  must  also  I 
with  the  mucilagm. 
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1^  to  which  the  eiDpirii^l  formula  ,.  „  „  . 
may  he  obtained  from  miicilage  of  acacia,  after  actdulation  with  hydro- 
chloric acid,  by  precipitiition  with  alcohol  as  a  milk-white  mass,  of 
acid  I'cactroti  aua  tiljeratiDg  carbon  dioxide  from  carbonates.  When 
dried  it  absorte  water  and  swells,  but  doe^  not  diss*^lve  until  lime- 
water  has  lieen  adde<i. 

Metarabic  acid  or  cerasin  occurs  in  the  insoluble  portI(>u  of  cherry 
gum,  and  mav  be  obtaineti  from  acacia  by  heating  the  same  for  some 
time  at  100<=  C.  (212^  F.) ;  it  is  goluhle  in  alkaline  liquids, 

Parabin,  which  is  isomeric  with  anibin,  U  found  in  agar*agar  or 
Ceylon  mcj^.9  ;  it  h  without  acid  reaction,  swells  up  to  a  jelly  with 
water,  and  is  dissolved  by  diUite  mineral  acids,  but  precipitated  by 
alkalies  and  alcohoL 

Baasorin  is  the  name  given  to  the  pecrtinlike  principle  present  in 
tragacanth  and  allied  products.  It  is  insoluble  in  cold  aud  hot 
water,  but  al>sorbs  the  name,  swelling  to  a  gelatinoid  mass,  and  is 
soluble  in  alkaline  liquids.  Besides  ba^^sorin,  the  mucilages  also  con- 
tain s<4uble  principles,  and  in  some  cases  unaltered  starch  ;  the 
former  are  not  identical  with  arabin,  being  without  acid  reaction. 

If  tragacanth  be  moistened  with  a  solution  of  pyrogallol  it  gradu* 
ally  blackens,  whereas  acacia  similarly  treated  develops  a  red  color, 
due  to  the  formation  of  pyrogalhxpiinone. 

Cari-agheen  is  the  mucilaginous  nMistituent  of  Irish  moss,  or 
chondrus.  It  is  not  precipitate<l  by  alt^ohol,  and  by  treatment  with 
diluted  sulphuric  acid  yields  galactose. 

Wieu  treated  with  boiling  nitric  acid,  gums  are  converted  into 
miicic,  saccharic,  and  oxalir^  acids.  By  continuous  boiling  with 
water  acidulated  with  sul|>huric  acid,  some  gums  yield  arabinose  and 
others  galactose,  pr«idiicts  closely  allieil  to  the  sugars ;  of  these, 
galactose  ia  capable  of  fermentation,  while  arabinose  is  un fer- 
mentable. 

The  name  gum  is  derived  from  the  Greek  word  xonm^  and  this 
from  the  l^yptian  name  kami,  applied  to  acacia,  which  was  used 
nearly  4CKXj  years  agt*  as  an  adhesive  agent  in  painting. 

Very  cUiscly  allie<l  to  the  gums  are  the  pectous  substances. 
UnrijH*  acidulous  fruits  and  certain  suctnilent  roc »ts  contain  a  i>ecu- 
Itar  Uidy  calle<l  jiecHose,  which,  under  the  infliienoe  of  a  ferment 
known  as  pectase  in  (^mnection  with  light  and  heat,  and,  in  the  case 
of  fruits,  of  organic  acid-»  als<»,  is  changed  into  pectin,  and  finally 
into  petrtosic  acid  or  vegetable  jelly,  to  which  is  due  the  gelatiniaui* 
tion  of  c^iiiiin  fruit  juices  as  well  as  the  infui^ions  of  gentian,  taraxa- 
cum, senega,  and  other  root^.  The  alkali  aaltsof  pectosic  aci<l  l»eing 
soluble,  advantage  is  frpqiiently  taken  of  this  in  pharmaoiniticul 
prrptirations  to  |)revent  gehttinization ;  as,  for  instaiVH*.  the  use  of 
ammonia  water  in  fluid  cxtnict  of  senega. 

Unripe  green  fruits  owe  their  hunln^-ss  t*>  the  pre«ence  of  peelose, 
and  lH'<H3nic  s-dier  its  the  latttT  t?*  gradually  changed  to  |Kt»tln  during 
thi*  ri|>cning  pro*i'S8» 
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The  name  {>e€tin  is  derived  from  the  Greek  word  k^xto^^  i 
curdled. 

Sugars.  Altliough  lor  pharmaceutical  pnrpas-ea  but  thrive  ! 
of  sugar  are  employed,  (^hemi^^ts  include  under  the  j^enoral  te  _ 
sugars  a  ranch  larger  f-lass  «>f  t*oriipoundf?»  In^longing  to  the  imriiti- 
hydrates  and  characterized  b v  a  more  or  k^;^  sweet  taste.  For  cod- 
ventenee,  f^tigars  are  divided  iuto  two  main  groupe^  kaown  as  grlooQaei 
and  saeobar(^ses. 

Glucoseh  are  looked  upon   by  chemists  as  aldehydes  and  k€ 
derivetl   from  the  alcohols  maunitol  and  dulcitol,  C^H^(OU)^  ; 
contain  two  atoms  of  hydrogen  h^s  than  tliese  eoMi(Kninds,  and, ; 
some  cases  at  least,  ai'e  convertible  into  liexatornic  alcohotg  by 
action  of  na&c^ent  hydrogen.     They  can  be  obtained   by  hydroly 
from    various   other   earbolml rates,    and   with    few   exc^ptioos 
directly   fermeutal»le.      As  a   rule,   they   erystalliaie    ituficrfbclly  or 
with  flifficulty.     The  em[)irieEd  formula,  C^tli/)^,  has  been 
to  the   members  of  this  group,   which  iricluiJea  dextrose^   le^ 
galactose,  arabinose,  sorbinose^  etc. 

Dextrose  is  the  best  known  member  of  the  ghieoae  ^rcmp, 
ring  in  commerce  Iwth  in  the  fluid  and  solid  form  ;  to  tne  fanncir  1 
tenn  glucose  is  usually  applie<J,  while  th(*  solid  variety  is  l>etter  kooir^ 
as  grape-sugar.     In  nature  dextrose  is  found  asvsoiiatetl  with  Inntloiv 
or  fruit-sugar  in  numerous   fruits  and  in  honey  ;  it  also  occufv  to 
certain  secretions  of  the  human  bixly  as  the  result  of  a  dtaease  kooim 
as  diabetes  mellitus.     AitiHcially,  it  is  maunfactui^  ou  a  lai^  scmle 
from  corn  starch  by  treatment  with  dilutetl  sulphuric  acid,  tfie  pft>' 
cess  being  eoudueted   iu  both  open  and  close<I  eouverterr*^  cif  whici 
the  latter  re(|uire  the  application  of  a  higher  heat  but  a  shorter  ItiBi 
to  eomj)lete  thi-  *'hange.     As  already  stated  ou  page  563,  tbe  fireC 
action  of  the  diluted  acid  is  to  change  the  starch  into  dextrin^  wbic^ 
is  finally  converted  into  dextrose;  liquid  or  syrupy  gluooae  tiatsally 
contaius  In^th  dextrin  and  dextrose,  while  in  the  solid  grape-^ti^g^ 
the  complete  conversion   into  dextrose  has  been  carried  out*      Cura 
starch  is  always  mixeil  with  gluten,  which  is  removed  by  tt^Batmefit 
wHtfi  caustic  soda,  after  which  the  starch  is  mixed  with  water  to  i 
creamy  (xmsistence  and  run  into  the  dihited  acid  and  heated  by  meaoe 
of  steam  until  all  starch  has  been  converted;  the  acid  is  then  neutnU- 
v/j^\  by  UK^ns  of  calcium  mrlxjnate  ami  the  liquid  filtered^  pinwd 
throti^j^h  auimul  fliarit»al,  and  c<3nf^nt rated. 

(impe-sugar  separates  as  a  granular  crystalline  de[>osit  in  boorr* 
and  can  be  obtainetl  in  a  hyd rated  form  iu  small,  wart-Hke  crjrelali 
from  its  aqueous  or  hydro-alcoholic  solution  ;  from  a  htjt  siihitioa  in 
alcohol  or  methylalcohol  it  separates  in  anhydrous  prij^nialk?  crr^ 
tals.  It  is  soluble  in  very  nearly  its  own  weight  of  wate'r  and  ia 
fifty  parts  of  alei)hol  at  1*5°  C.  (59°  F.),  the  solutions  p(i»«eMaj| 
a  far  leas  swei^t  taste  than   those  of  ordinary  sugar.     At  GO''  C 
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(140^  F.)  grape-sugar  softens,  and  at  86°  C.  (186.8"*  F.)  mdts  com- 

On  account  of  its  remarkable  reducin*^  projiertiea,  dextrose  has 
been  used  with  suct-ess  in  the  preservation  of  certain  ferrous  eoluticms, 
notably  the  gyruii  of  ferrous  iodide.  It  readily  reduces  ferric  and 
cuprie  cotnjwunds  to  the  ferrous  and  cuprous  state,  and  the  salts  of 
hi.smuth  and  silver  to  the  ujetallic  conditiou. 

Various  tests  can  be  iiseil  for  the  detection  of  dextrose,  such  as 
Tromraer^s  test  (cuprie  sulphate,  solution  of  potassa^  and  heat),  causing 
a  deposit  of  brick-red  cuprous  oxide;  Moore's  test  (sc»lutioD  of  potana 
and  heat),  causing  a  dark,  almost  black  color;  Boettgers  test  (bismuth 
flubnitrate^  solution  of  potnssa,  and  h«?at),  causing  a  black  precipitate 
of  metallic  bismuth,  and  others  For  the  rpmutitativc  determination 
of  dextrose^,  volumetric  alkaline  solution  of  cuprie  tartrate,  known  as 
Fehliogs  Solution,  is  usually  employed ;  each  cubic  eeotimeter  of  this 
solution  corresponds  to  0,005  Gm.  of  auhydrous  dextrose.  When 
Fehliug^s  Solution  is  lx)tled  in  the  presence  of  dextrose,  yellowish 
hydrate*!  cuprous  oxide  is  first  forraed,  which  is  finally  changed  into 
tlie  auhydrous  brick-red  variety.  Since  dextrin  also  redut^s  the 
cuprie  salt  of  Fehling  s  Solution,  its  absence  must  first  bedetermintHi 
in  quantitative  determinations.  Barfoed*8  Solution,  consisting  of 
13.3  Gm.  of  crystal liznl  cuprie  acetate  and  2  Gm,  of  glacial  acetic 
acid  in  2t)0  Cc.  of  water,  suffers  reduction  with  all  glucoses,  but  not 
with  dextrin. 

The  name  dextrose  was  given  to  this  {^articular  sugar  on  arx'ouut 
of  its  dextro-rotatory  power,  since  it  invariably  deflects  the  ray  of 
polarized  light  to  the  rigtit  when  examined  by  means  of  a  polartscope. 
An  explanation  of  the  uses  of  the  polariscope  can  be  found  on  pages 
612  and  513  of  the  Pharmacopa?ia. 

I^vulose,  or  fructose,  is  of  interest  chiefly  as  a  natural  a^nstituent 
of  honey ;  it  also  occurs  associated  with  dextrose  in  many  fruits,  and 
is  tlierefore  known  as  fruit-sugar.  The  name  levulose  was  given  it 
bet^use  it  is  Itevo- rotatory — that  is,  causes  the  plane  of  polarized 
light  to  deviate  to  the  left.  When  pure,  it  occurs  as  a  colorless  or 
laintly  yellowish  syrup  of  very  sweet  taste  which  crystallizes  with 

Seal  ditKrulty  ;  it  remains  in  the  liquid  portion  «)f  honey  after  all 
€  gra|>e-sugur  has  l>ecu  rernovttl.  As  stated  under  Starch,  levulose 
'ia  also  fornud  by  prolougetl  boiling  of  inulin  with  diluted  acids* 
The  term  inverte«l  sugar  is  usually  applied  to  the  mixture  of  dextrose 
and  levulone,  whether  obtained  by  inversion  of  cane  sugar  by  means 
of  diluted  acids  and  heat,  or  by  some  special  ferment,  such  as  that 
supplied  by  the  bees  in  the  manufacture  of  honey. 

Natuml  honey  am  tains  from  *>o  to  80  per  cent  of  a  mixture  of 

extrose  and  levulose,  together  with  small  |>ortions  of  cane-sugar, 

i  20  or  30  per  cent  of  water  and  about  ^  per  cent*  of  formic 

During  the  clarification  of  honey  the  acid  is  generally  dis»i- 


add. 


patcd,  and  possibly  on  thi>*  account  clarified  honey  is  more  prone  to 
liertDcntation  than  the  crude  article*    Commercial  honey  is  frequently 
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adulterated  with  a  solution  of  glucose  and  dextrin  ;  the  latter  ca 
be  detected  by  addition  of  an  excess  of  official  alcohol  to  an  aqueoos 
solution  of  honey.  Any  dextrin  present  will  be  precipitated  in  tbA 
form  of  white  flocculi. 


\ 


Saccharoses  appear  to  be  the  result  of  a  union  of  two  moleculei 
of  one  or  any  two  members  of  the  group  of  glucoses,  water  beiny 
eliminated  at  the  same  time,  hence  they  may  be  considered  as  anhy- 
drides;  thus,  2CgHi20g=Ci2H220i,+H20.  In  support  of  this  view, 
the  members  of  this  group  have  been  found  to  take  up  water  and 
split  up  into  equal  molecules  of  glucoses  if  heated  with  diluted  acidsi 
Saccharoses  are  darkened  by  strong  sulphuric  acid,  and  form  colo^ 
less  combinations  with  the  alkalies,  differing  in  these  respects  from 
the  glucoses.  The  more  important  members  of  the  group  are  sucrose 
or  cane-sugar,  lactose  or  milk-sugar,  and  maltose  or  malt-sugar; 
mycose,  identical  with  trehalose,  is  of  some  interest  as  occurring  in 
ergot.  With  the  exception  of  malt-sugar,  the  saccharoses  can  only 
be  fermented  after  previous  conversion  into  one  of  the  glucoses. 

Sucrose,  or  cane-sugar,  officially  recognized  as  Saccharura,  is  o^y 
tained  from  sugar-cane,  sorghum,  and  the  common  European  sugaJC^ 
beet.   While  immense  quantities  of  sugar  are  prepared  in  this  count*^ 
direct  from  the  juice  of  the  cane,  considerable  amounts  are  also  ir«3- 
ported  in  the  form  of  raw  or  crude  sugar  for  refining  purposes. 

The  juice  of  the  sugar-cane  contains  about  18  per  cent,  of  sufr^^ 
and  81  per  cent,  of  water,  besides  traces  of  salts,  mucus,  albums- ^*' 
etc.     Having  been  expressed,  it  is  mixed  with  milk  of  lime  ag^^ 
heated,  the  greenish  scum  rising  to  the  surface  being  removed ;  t^^B^® 
liquid  is  then  strained,  concentrated,  and  stirred  while  crystallizii^*^  g) 
so  as  to  prevent  the  formation  of  large  crystals.     The  crystalli   "^e 
mass  is  placed  into  perforated  hogsheads  to  allow  the  mother-liqucn^^^ 
molasses,  to  drain  off,  after  which  it  is  redissolved,  the  soluti^^=^P 
decolorized  by  filtration  through  animal  charcoal,  concentrated  l^fcy 
evaporation  in  vacuum-pans  at  about  80°  C.  (176°  F.),  and  crystj — *1" 
lized.     Finally,  the  crystals  are  drained  and  dried  by  means  of  lai-   ^g^ 
centrifugals,  wherein  the  adhering  mother-liquor,  containing  aB^B^^ 
inverted  or  so-called  non-crystalliz^ble  sugar,  is  rapidly  removed. 

The  sugar-beet  contains  about  8  or  10  per  cent,  of  sugar,  whi—  ^ 
is  obtained  by  a  process  similar  to  the  above,  the  juice  being  treat**  -^ 
with  lime,  filtered  through  charcoal,  concentrated,  and  crystallized.^;:::^ 

Sucrose  is  soluble  in  half  its  weight  of  water  at  15°  0.  (59°  t^       ')* 
and  in  175  parts  of  alcohol  at  the  same  temperature ;  it  is  thus  bc**   ^^^ 
to  be  more  soluble  in  water  and  less  soluble  in  alcohol  than  gluco^^^' 
A  saturated  solution  of  cane-sugar  at  15°  C.  (59°  F.)  contains  67.  ^^-^  '^ 
per  cent,  of  sugar  and  has  a  specific  gravity  of  1.345 ;  one  liter  coc:^^' 
tains  910.8  Gm.  of  sugar  and  434.2  Gm.  of  water.     Official  syrup  ^^^"^^^f 
therefore,  a  little  less  than  saturated,  containing  64.54  per  cent.    ^^ 
sugar.      While  dextrose  melts  at  80°  C.  (176°  F.),  dry  cane-su^-^^^ 
remains  unaltered  at  this  temperature,  but  melts  at  160°  C.  (310°  r^Jf 
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coni^cnliug  after wartl  to  a  slightly  colored,  gla^y  mass  Heated  to 
180*^  C  (356°  F.),  cane-sugar  splits  up  into  dextrose  and  a  pniduct 
isomeric  with  starch  and  dextrin,  known  as  levulosan  ;  above  205*^  C\ 
(401**  F,)t  a  dark-brown^  tlii<?lv  liquid  of  c<implcx  composition  and 
bitter  taste  rtsults»  to  which  i\w  name  cjiramel  nas  been  pven. 

If  cane-sugar  be  heated  with  diluted  (5  per  cent.)  sulphuric  acid 
it  is  changed  into  inverted  sugar,  a  mixture  of  equal  molecules  of 
dextrose  and  levnlose,  and  is  onlv  then  ca{^ble  of  fermentation  ;  cer- 
tain ferments  produce  the  same  effect.  Sucrose  is  always  dextro- 
rotatory, but  becomes  less  so  aAer  inversion,  as  the  levulos^^  then 
present  exeri'ises  its  Iievo- rotatory  effect  on  the  plane  of  light. 

The  purest  sugar  obtainable  is  that  known  as  cut  loaf  sugar, 
which  is  the  best  kind  for  the  preparation  of  syrupy*  an*!  similar 
solutions,  but  is  not  m)  convenient  for  use  as  granulated  eugar ;  the 
latter,  however,  is  generally  (!ontaminated  with  ultmmannc,  the  blue 
color  of  which  is  intended  to  overcome  the  natural  yellowish  tint  of 
the  f^ugar. 

The  official  test  for  the  presence  of  grape*sugar  in  cane-sugar 
depends  upon  the  rtduetioo  of  the  silver  nitrate  to  the  metallic  state 
by  the  dejctrtJse,  as  pure  cane-sugar  is  without  effect  upon  it 

Cane-sugar  is  used  as  a  valuable  preservative  for  many  otherwise 
unstable  solutions,  and  its  sweet  tastt^  renders  it  a  desirable  adjuvant 
in  prescriptions.  It  is  alt^o  known  to  increase  the  solubility  of  several 
metallic  oxides  and  vegetable  principles. 

Lactose,  or  sugar  of  milk,  which  is  recognized  in  the  Pharma* 
copceia  by  the  latter  name  (Latin  name,  sacf*harum  lactis),  is  obtained 
from  the  milk  of  mammalia,  where  it  is  found  to  the  extent  of  from 
3  to  6  per  cent.  It  is  .said  aLso  to  exist  in  the  fruit  of  Achras  sapota, 
a  tree  of  the  West  Indies,  this  being  the  only  known  case  of  its  occur- 
rence in  the  vegetable  kingdom,  Milk*sugar  is  ot»t^ined  by  crystal- 
lization from  the  whey  or  thin  fluid  remaining  after  removal  of  the 
aiscin  or  albuminous  principle  by  c«iagulation*  The  crude  granular 
product  is  purified  by  resolution,  filtration,  and  re^Tystallization* 
Formerly  the  world's  supply  was  furnished  by  Europe,  chiefly 
Switzerland,  but  now  considerable  quantities  are  manufactured  in 
this  tiiuntry. 

Tht*  crystals  of  sugar  of  milk  contain  5  per  cent,  of  water,  which 
is  not  lost  until  a  tomi^erature  of  130'=  C.  (266**  F.)  is  reached.  They 
are  very  hard,  and  require  about  6  or  7  parts  of  water  for  solution, 
the  Hulution  being  far  less  dense  than  one  of  dextrose  or  cane-sugar 
of  efjual  concent  ration,  and  far  less  sweet  in  tiistc.  As  found  in  the 
ahopa,  sugar  of  milk  \a  ahvays  in  the  form  of  powder,  which  feels 
gritty  between  tf»e  te-eth.  In  pharmacy,  it  is  used  exclusively  &<  a 
diluent  in  the  preparation  of  tritumtions,  |>owdered  extracts,  etc,,  for 
which  purpose*  it  is  admimbly  adajitcd,  as  it  is  non-hygroscopic. 

Like  dextrose,  sugar  of  milk  is  dextro-rotatory,  and  also  reduces 
an  alkaline  solution  of  eupric  tartrate,  but  d*>es  not  reduce  V  h 

Solution  of  cupric  acetate  (see  putre  5*) 7).     Itoil<*d  with  diluf  ^, 
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sugar  of  milk  yields  dextrose  aud  galactose ;  the  latter  crystallizes  in 
large  prisms  and  yields  mucic  acid,  insoluble  in  cold  water  when 
treated  with  nitric  acid,  whereas  dextrose  yields  saccharic  acid,  which 
is  soluble. 

Maltose,  or  malt  sugar,  is  produced  by  the  action  of  diastase  of 
malt  on  starch,  either  during  the  germination  of  the  barley,  or  when 
diastase  is  mixed  with  starch  and  water  and  kept  at  a  temperatare 
of  70°  C.  (158°  F.).  It  is  directly  fermentable,  and  is  of  consider- 
able interest  in  pharmacy  on  account  of  the  part  it  plays  in  the  fer- 
mentation of  grain  in  the  manufacture  of  alcohol.  Maltose  crystallizes 
with  one  molecule  of  water,  and  is  readily  soluble  in  water;  although 
strongly  dextro-rotatory,  it  can  be  distinguished  from  dextrose,  like 
milk-sugar,  by  means  of  Barfoed's  Solution. 


CUAPTER    LX, 


ALCOHOL  AND  ITS  DERIVATIVES. 


Although,  iii  ehemistrj-,  the  term  alcohol  is  used  tn  designate 
a  group  of  comiRiunds  derived  from  liydrocarlK)n8  of  the  niothane  or 
fatty  series,  hy  replaeement  of  one  or  more  hydrugen  attinis  by  a  c<»r- 
reBpuidin^  ouniUer  of  hy*lroxyl  groups,  vvliieh  have  I'ortaiii  *'hemk^l 
properties  in  common,  it  is  rcstricU'd  in  plmrmacy  to  one  substance, 
chemimlly  known  as  ethyl  alcohol,  and  n*i!oj:nixed  in  tlic  Pbarma- 
copceia  also  by  the  simple  term  alcohol  When  other  alcohols  ai-e 
used  in  pharmacy  they  are  either  designated  by  &|>ecific  names,  such 
BB  glycerin,  mannitol,  etc.,  or  by  adding  a  qualifving  prefix  to  the 
won!  alcoliol,  as  amyl  alcohol,  methyl  or  woo<l  alcohol,  etc,  to  dis* 
tingiiish  them  from  (ordinary  or  etiiyl  alctihoK 

Alcoljol  is  ol)tainccl  in  this  country  almost  exclusively  from  grain, 
while  in  Europe  jiotatoes  are  extensively  employetl,  by  a  process 
kuown  as  vinous  fermentation.  Fermentation  is  a  process  of  decMmi- 
position  diilering  from  putrefaction  in  that  the  resulting  products  are» 
as  a  rule,  valuable,  or  at  least  useful  and  not  accompanied  by  offen- 
sive gases;  fermentation  is  usually  applied  to  the  decomposition  uf 
substances  compt^sed  of  carbon,  hydrogen,  and  oxygen ;  while,  if 
nitrc^n  and  sulphur  are  also  present,  the  term  putrefaction  is  more 
aptly  used,  on  accoimt  of  the  putrid  or  foul  odor  emitted  by  such 
txxlies  during  dec^jm position.  Certain  *Njnditions  are  essential  to 
Ijoth  [inxx^sses  of  d*HX)m[X)Hition,  namely,  the  presence  of  air,  moisture^ 
heat,  and  certain  agents  known  as  fermenls.  There  are  fermenta- 
tiona  of  various  kind^i,  such  as  saocharine,  vinous^  mucic,  lactic^ 
butyric,  and  acetous^  depending  upon  the  substances  under  manipula- 
tion, some  of  these  being  in  reality  oxidation  processes  not  due  to  fer- 
mentative action. 

In  the  manufacture  of  alcohol,  the  first  step  necessary  is  the  sac- 
charine fermentation^  known  als*)  as  the  mashing  protx-s^,  which  con- 
sists in  (he  <H3n version  of  stardi  into  sugar  by  means  of  diastase. 
This  latter  substance  is  prcHhi<*ecl  during  the  germination  of  grain,  as 
in  the  malting  i»f  barley.  Malt  is  made  by  well  moistening  barley 
witlj  water  and  spn^ading  it,  about  two  ft^ct  deep,  on  stone  fliM»rs,  in 
dark  n»oms  ;  heat  is  di'velop<il,  and  partial  germination  is  allowal  to 
go  im,  during  which  time  dia?5tas4*  is  produced,  the  liarley  assuming  a 
darker  color  and  jKXMiIiiir  ixlor,  while  the  starch  of  the  grain  is  ctm- 
verted  into  dextrin  and  maltose  or  malt  sugar.  Diastase  is  capa- 
ble of  converting  2rK)(>  time**  its  weight  of  starch  into  maltose. 
When  isolated,  it  is  a  white,  tasteless,  solid,  soluble  in  water  and  weak 
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sugdrar  of  milk  yields  dextn)ae  aud  galactose ;  the  latter  crystallizes  i 
large  prisms  aod  yields  inucic  acid,  insoluble  in  cold  water  wIm 
treats  with  oitrie  actd^  whereas  dextrose  yields  saccharic  add,  whi< 
ig  soluble. 

Maltose*  or  malt  aii^r^  is  produced  by  the  action  of  diastase 
malt  on  starch ,  either  duriog  the  germination  of  the  barley,  or  wh 
diastase  is  mixed  with  starch  and  water  and  kept  at  a  temperate 
of  70°  C.  (158^  F.).  It  is  directly  fermentable,  and  is  of  consid^ 
able  iJiterest  in  pharmacy  on  account  of  the  part  it  plays  in  the  fi 
mentation  of  grain  in  the  manufacture  of  alcohol.  Maltose  crystallL: 
with  one  molecule  of  water,  and  is  readily  soluble  in  water;  althoci 
strongly  dextro-rotatory,  it  can  be  distinguished  from  dextrose,  l 
mllk^sugmr,  by  means  of  Barfoed's  Solution. 
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lilcohol^but  precipitated  by  strong  alcohol,  and  rendered  toi^rl  by  tl 
heat  of  boiling  water. 

Extract  of  malt,  which,  if  properly  made,  should  represmt 
malt  in  the  form  of  a  conoeDtrated  iofiisIoD,  owes  its  value  as  tidtgektir^ 
agent  solely  to  the  diastase  present ;  therefore  that  extract  capabfe  of 
converting  the  largest  amount  of  stareh  into  dextrose  is  uni]t>eiti<m* 
ably  the  best.  The  following  method  is  recommended  for  con 
tive  testing  of  malt  extracts  :  Dissolve  5  Gm*  of  exlrart  of 
sufficient  distilled  water  to  yield  100  Cc,  of  solution  ;  of  ihis, 
Cc,,  representing  0.25  Gm,  of  the  extract,  to  250  Cc.  of  cold 
mucilage  (prc|>arcd  by  dissolving  30  Gm.  of  Bermuda  ArroirJ 
in  1000  Cc.  of  lx)tling  distilled  water)  and  keep  the  mixture 
temperature  of  o5°-60^  C.  (131°-140°  F.)  for  30  minuteii; 
stop  the  dia<?tatie  action,  by  raising  the  temperature  to  lOO*'  C  i 
F.)  or  by  addition  of  2  or  3  Cc.  of  a  10  per  cent,  sodintn  liydi 
solution,  and  dilute  the  mixture  to  a  given  %'olume  by  addiciotl 
w^ater.  Titrate  an  aliquot  jmrt  of  the  liquid  with  Fehling's  Solal 
(alkaline  cupric  tartrate  volumetric  solution,  U,  S.  Ph.)  and  aarertmia 
the  amount  of  dextrose  present,  from  which  deduct  the  ainount  fouod 
in  a  corresponding  amount  of  the  extract  of  malt  by  previoius  titm- 
tion  with  Fehling's  Solution  ;  the  difference  indicates  the  amount 
sugar  produced  by  the  diastase  present  in  the  extract.  Ea^'li  IV. 
Fehling's  Solution  corresponds  to  0.005  Gm.  of  anhydrous  dextrcei^ 
or  0.0045  Gm.  of  starch  converteil  thereinto. 

During  the  mashing  pi-ocess  lat^e  quantities  of  raw  ^rain  are 
in  contact  with  malt  and  water  at  a  moderately  elevated  tetnpentiir 
whereby  the  starch  is  gradually  all  converted  into  dextn)6e>  ac 
rently  by  the  simple  appropriation  of  water,  as  show^n  by  tine  follon 
ing  equations : 

1 .  3CVH  O.  -i-  H,0  =  C„H«0„  ^  C,H,.0, 

starch  SUlton  Dextrta 

2.  C„HaO„  +  C,H„0,  +  2H,0  =  3C.H„0. 

MAlttiM  DcxLiln  DextruiA 

The  <aac*'harinc  solution  thus  obtained  is  known  as  wt>pt, 
after  adiiition  of  some  yeast,  is  allowed  to  undergo  fermentatioa  at  m 
tera}>eniturc  wliicli  is  maintaineil  between  15**  and  30^  C.  (59**  and 
86°  F.),  wherel»y  a  weak  alcoholic  liquid  is  produced,  due  to  tbe 
splitting  up  of  dextrose  into  alcohol  ami  carbon  dioxide^  thus : 
C\H,A  =  2CJI/)II  ^  2C^O,,  Besides  alcohol  ami  carbon  dioxide^ 
however,  some  amyl  alcohf»l  and  other  homnlognus  prfKlitcta^  col* 
lectively  designate*!  as  fusel  oil,  are  also  pro<hKX'<l^  and  Pasteur  bat 
shown  that  small  quantities  of  glycerin  (3  per  cent.)  and  stiedaic 
acid  (0.6  per  cent)  are  invarialily  formctl.  The  mmjMisition  iiflheie 
so-called  low  wines  or  weak  spirits  varies  with  the  starchy  matmil 
used  in  their  munufacture;  thns^  [Hjtato  starch  always  yieldiifr  a  tnitcfa 
larger  proportion  of  amyl  ah^tjhnl  than  gniin  ntari^b,  while  grata 
fipirit  is  c*>ntarninati*<l  with  irnnnthic  and  otlur  ether*. 
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DistillatioD  of  the  iVrraented  liquid  furnishes  a  proihiet  much 
richer  in  alcx>hi»l,  raw  whiskey,  whirh  is  then  furtht^r  retlitiecl  l)y 
treatment  witli  recently  burned  charcoal  and  subsequent  redistilla- 
tion in  stills  provide*!  with  a  seriea  of  condensers,  in  the  first  of 
which  much  of  the  water  and  amyl  alcohol  is  retained*  alluwina;  a 
purer  and  stronger  alcohol  to  pass  on  to  the  other  condensers.  For 
the  further  i*eiuoval  ui'  water  and  ibreign  odors  from  alcohol,  distil- 
lation uver  sodium  luangauate,  anhydrous  sodium  acetate  and  freshly 
burned  lime  is  emphjyed. 

During  the  past  two  or  three  years  alcohol  has  been  successfully 
produce^l  from  celluliise  by  treating  dried  (>eat  with  very  dilute 
sulphuric  acid  for  several  hours  at  a  temperature  of  120°  C.  (248^ 
F.)j  whereby  peat*su^r  is  formed,  which  is  subsequently  fermented 
with  yea«»t  and  distilled^  yielding  as  much  as  62  liters  of  absolute 
alcohol  for  1000  kilogrammes  of  dry  peat  used  (about  15  gallons  for 
each  ton). 

Tlie  Pharmac?ojKBia  recognizes  fonr  ditTerent  grades  of  strength  of 
iilcx>hoU  designate  by  specific  names,  thus; 

pKRcicjn^Aoi:  op  TarE  Ethyl  Aixjoiiou 


Alooliol     .... 
AWlute  alcohol 

l>Uiited  iilet^hol 

Whenever  alcohol  and  water  are  mixed,  heat  is  evolved  and  con- 
traction of  volume  results,  lK>th  varying  with  the  proportions  i>f  the 
tw^o  liquids  useiL  According  to  Fliickiger,  the  rise  of  temperature 
will  be  greatest  when  ;iO  j>art8  by  weight  of  absolute  alcohol  are 
mixed  with  70  parts  by  weight  of  water,  amounting  to  9^  C\  or 
16.2°  F,,  and  tlie  greatest  contraction  ocinirs  when  58  volumes  of 
atjsohjte  alcohol  ai*e  mixed  with  54  vulumes  of  water,  amountiDg  to 
a  lotts  of  4  volumes  or  '6Ju  \wt  cent  of  the  total  mixture. 

The  use  of  the  alcoholometer  for  ascertaining  the  percentage 
strength  of  commercial  alcohol  has  already  been  fully  explained  on 
page  57  and  rules  have  been  given  ou  pages  93  and  94  for  prepar- 
ing weaker  alcohol  from  a  stronger  variety  by  dilution  with  water. 
Besides  the  PharmacojKBia  gives  specific  directions,  under  Diluted 
Alcohol,  for  preparing  mixtures  of  definite  strength. 

Commercial  al(^>liol  d<.)es  not  always  come  up  to  the  refjuiremcnts 

of  the  Pharmacopreia  for  official  alcohol,  averaging,  as  a  rule,  from 

91   to  y2  per  cent,  by  volume  of  ethyl  hydroxide  ;  but  the  variety 

sold  as  Cologne  spirit  generally  c<jntains  94.5  or  95  j>cr  a*nt,;  the  latt**r 

,  al*o  «*orr    ;        ■  :p  closely  to  the  official  dt*o<ioriz«*d  uh'ohol  in  its 

frccMloui  i  odor.    Alcoliol  ivhich  has  be*'n  stoitnl  for  s*>me 

'  timi*    in    LwitivIh,   purticnlarly  if   the  latter   have    lMt*n    im|»erfet'tly 

'  rlmrriHl  on  the  inside,  is  apt  to  be  iMuitjiminjUrd  with  f<»l«irintr  malttT 

and  tiuinin. 


Pis  rc^u  tit|^ 

PstototiiigQ 

by  wdgtiu 

hy  TOliiiDa. 

about     91,0 

94.0 

.     1»9.0 

99.5 

about    92.a 

95.1 

about     -41.0 
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Absolute  alcohol  is  intended  to  be  identical  willi  <3 
hoi  as  far  as  the  absence  of  auiyl  alcohol  and  other  hn^ 
cerned,  but  contains  far  less  water  than  the  latter,  the  Pbarmaoupif  in 
not  allowing  more  tlian  1  per  cent*  by  weight.  Tlie  eDtire  ab#€DcY 
of  traces  of  moisture  is  practically  impossible,  although  the  amount 
is  reduced  to  less  than  |  per  cent,  by  some  niauufactiirt*r9.  Aroor^ 
the  various  dehydrating  agents  suggested,  fri^hly  biinnfl  liinc  hi§ 
been  found  most  desirable.  Deodorized  alcohol  is  eitlier  shakiii  with 
the  lime  in  coarse  [jowder,  for  s«ime  time,  or  caused  to  pt^rcolate  m-j 
peatedly  through  alternate  layers  of  Bne  and  coarse  granules;  of  lime,, 
in  an  apparatus  so  arranged  as  to  avoid  all  txmtact  wiih  n' 
which  it  is  transferred,  without  eX[)OfeUre,  to  a  column  i*tjll  . 
tilled  at  a  low  tempniture,  under  reduced  pressure,  by  whirb  rnfunq 
it  is  ]*o^8ible  to  carry  the  alcohol  vajKir  tbrward  through  i^eveml 
densing  charabei'S,  in  which  any  aqueous  moisture  etill 
will  be  separated  and  Mow  back  into  the  still.  Absolate  ale 
very  hygroscopic  and  should  Ix?  preserved  in  tightly  st 
lx>ttles  containing  either  some  anydrous  cupric  sulphate  or  pi«oc9  of' 
freshly  burned  lime.  In  pharmacy  its  use  is  confinefl  to  titst  of 
solvent  for  phosphorus  and  similar  sul^stanees,  but  tn  the  matiyf 
ure  of  certain  chemicals  it  is  more  extensively  eraployixl. 

Official  diluted  alcdhol,  a  most  valuable  solvent  for  miiny  veisete« 
ble  principles,  is  made  by  mixing  equal  volumes  of  ofBciai 
and  water.  Since  the  mixture  suffers  nmrly  3  |>er  eetit.  loea  i 
traction,  the  finished,  woled  prtxluct  contains  ahout  48.4  per  ewiu; 
by  volume  of  absolute  ethyl  alcohol.  It  should  not  lye  used  untLtl 
the  tempmture  of  the  mixed  liquids  has  again  fallen  to  tliat  of  tbeJ 
room. 

Proof  spirit,  as  I'ecoguized  by  the  U.  S.  government,  cotitaios  50 
|>er  cent,  by  volume  of  absolute  alcohol,  and  is  reckonetl  by  gati^^ti 
as  equivalent  to  100  degrees;  hence  the  terms  25  or  40  abtive  or  be- 
low proof  do  not  refer  to  alcoholic  liquids  containing  25  or  40  nrr 
cent,  of  alcohol  more  or  less  than  the  50  per  cent  proof  spirit,  but 
only  one-half  as  mucli,  namely,  12  5  or  20  i>er  cent,  each  pnwf  de- 
gree, representing  J  per  cent,  of  absolute  ethyl  alcohoK  Official  94 
per  f*ent.  alcohol  is  thus  said  to  stand  at  188  degrees,  or  SS  rtfgriM 
above  proof,  ^" 

Amyl  Aixxjhol,  although  not  recognized  in  the  PharniacopcBia« 
is  of  interest  as  the  source  of  amyl  nitrite  and  valerianic  aind  and  m 
a  valuable  solvent  used  in  chemical  research.  As  already  atatisrl  im 
page  572,  amyl  alcohol  and  other  homologous  products  are  fomied 
during  the  fermentation  of  gniin  ar  |M»tato  stan*h  ;  larger  tiuantrtm 
may  l»e  obtaineil  by  continuing  the  distillation  after  ethvl  alcohol 
ceases  toc4>me  over.  Amyl  alcohol  is  purified  by  fractional  aistillatHio 
and  reiK'ttt*'d  washing  with  a  concentrate*!  solution  of  table  salt.  It 
\»  a  coh»rlit«s,  thin,  ofly  liquid  of  about  the  ^  Itic  gravity  «• 

alcohol^  but  iMtiling,  when  pure,  at  152^  C\  (-  i.     CWmically 
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it  is  amyl  hydroxide,  C^H^jOH,  and  yields  ooDipounds  homologous 
with  thoBe  of  ethyl  alcohol — ^uuraely,  amyl  ether,  (C^H„),0,  amyl 
aldehyde,  C^HnjO,  and  valerianic  acid,  Cfi^fij* 

Derivatives  op  Alcohol,  The  following  preparations  made 
from  ethyl  alcohol  an*  officially  recognized  in  the  Pharniacopceia, 
and  therefore  of  spe<nal  interest  to  pharmacists :  Ether,  acetic  ether, 
ethereal  oil,  spirit  of  nitrous  ether,  paraldehyde,  chloroform,  chloral 
hydrate,  and  iodoform.  In  addition,  a  few  allied  and  some  unofficial 
preparations  will  also  be  considereth 

Ether.  The  general  term  ether  is  used  by  chemists  to  de^ignale 
anhydrides  of  alcohols,  or  oxides  of  hydro-carlx>n  radicals;  both 
simple  and  mixed  ethers  are  known,  as  the  oxygen  may  be  unitHi  to 
two  groumof  tbe  same  or  mixed  radicals ;  tluis,  (CjHj)^©,  ethyl  ether, 
and  (CHj),©,  methyl  ether,  are  simple  ethers,  while  (CHjC,H4)0, 
methyl  ethyl  ether,  is  a  mixed  ether 

The  Pharmacopceia  recognises  hnt  one  compound  hy  the  name 
ether  (Ijatin  name,  aifier),  namely  ethyl  ether  ur  ethyl  oxide  (CjHj)^!^, 
and  in  all  oBBcial  formulas  and  physicians*  prescriptions  this  sub- 
stance is  to  l)e  understood  as  intcndeil.  Ethyl  ether  is  sometimes 
called  sulphuric  ether,  and  several  commercial  varieties,  known  as 
wn(xntrate<l  and  washe<l  ether,  are  found  on  the  market;  but,  as 
their  strengtii  and  purity  aiT  not  stated  on  the  lal^el,  they  should  not 
be  used  in  place  of  tl»e  official  ether.  The  process  of  ether  n»anu- 
facture  consists  in  heating  a  mixture  of  alcohol  and  sulphuric  aei<l 
in  a  suitable  still,  by  means  of  steam  coils,  to  13C  C  (266*^  F»)  and, 
when  the  distillation  of  ether  begins,  allowing  a  continuous  supply  of 
alcohol  to  flow  into  the  still  from  a  feetUbaek  so  regulated  tliat  the 
mixture  shall  be  ktpt  at  a  constant  quantity  and  temjMirature,  The 
vapors  are  passed  througli  two  purifiers,  the  tirst  one  of  cast  iron 
containing  a  solution  of  potassa,  in  which  water  and  other  impurities 
are  washed  out ;  the  second  one  uf  block  tin  is  provided  with  a  IkhI 
of  pebblestones^  where  alcoholic  and  other  vapors  having  a  higher 
boiling  point  than  ether  are  recondensed  and  carried  lo  the  feed-back 
near  the  stilL  In  order  that  no  ether  may  be  lost,  Iwth  purifiers  are 
kept  heated,  the  purified  ether  vafx>r  being  finally  condensed  in  a 
large  worm  surrounded  by  running  water. 

Ethcrificiition  may  \>e  thus  explained  :  when  alcohol  and  sulphuric 
acid  arc  mixixl  together,  one  molecule  of  each  njmbincs  to  form 
ethylsulphurie  acid  and  water,  C^H^OH  ^  H^SO^^ 0,11,1180,+ 
11,0.  In  the  pre?*em^  of  heat  ant  I  an  excess  of  alct^hol  a  fu  rtlicr 
reaction  ensues,  ether  beinkr  i)nxluce<l  and  sulphuric  acid  regenerated, 
thus,  C^JIS<:),-f  CVH,Oil={C,IIJ/)  +  II^O,, 

The  theoretical  yield  of  ether  anumuts  to  nearly  five  pounds  for 
eaM*h  gallon  of  alcohol  used,  Imt  in  pmctice  rarely  more  than  four 
jMMuiOK  jin-  nvovcnd.  It  is  important  that  the  temperature  U*  kr|.r 
Im  tw^  ri  l;i<*^  and  138°  C.  (266^  aud  280.4°  F.),  sti  as  to  avoid  tin 
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distillatioD  of  much  alcohol  vapor  ami  the  fortnation  of  otl>er 
pounds.  Since  sulphuric  acid  is  ctontiuually  rcgtueratt?<l  its 
of  etherifviug  alcohol  \%  theoretically  without  limit,  but  in  pfaotiis 
it  is  found  that  water  and  other  impurities  in  the  alcohol  gradaallT 
interfere^  the  acid  Iteing  diluti^d  and  becoming  black  while  the  inii* 
ture  in  the  still  begins  to  froth.  According  tu  Dr.  Squibb,  a  chariEf 
of  860  pounds  of  concentrated  sulphuric  acid  is  stttfieJeot  for  die 
etherificatiou  of  120  barrels  of  gooa,  clean  alcohuL 

Official  ether  has  a  specific  gravity  of  0.725  to  0.728  mX  15" 
(59 '^  F.)  and  contains  9G  per  cent,  of  aljsolute  ethyl  oxido ;  the 
maining  4  j>er  cent,  consist  of  alcohol  and  trat>&4  nf  witter  which 
IS  iui practical *le  to  remove.  It  is  Ix^t  preserved  in  tin  cxintiiiners  biih 
ing  from  100  Gm.  upward,  as  they  are  less  liable  to  brcukage  i 
glass.  Ether  is  very  inflammable,  and  its  vapor,  which  is  aboat  t^ro 
and  a  half  times  m  heavy  as  air,  when  mixed  with  the  lalier  explodes 
iu  contact  with  flame,  henw  care  is  necessary  in  handling  and  dii- 
jjensing  ether,  especially  at  night 

Besides  being  used  in  various  official  mauufactn  i '  <  Kseno,  dlwr 

also  enters  int^j  the  composition  of  two  ale(.)hoHc  i  ^^  desieOBlBd 

ID  the  Pharraac^:>pana  as  spirit  of  ether  and  eom^Hjuiid  spirit  oitTdicr 
(see  page  238),  which  should  be  prepared  by  the  pharmacist  hiotfeli^ 
on  account  of  the  variable  quality  of  the  commercial  articlca, 

AcErrrc  Ether.  This  compound  is  not  an  ether  id  a  obemieal 
sense,  but  an  ester,  or  ethereal  salt,  the  basylous  hydrogen  in  aeetk 
acid  having  been  rcplat^  by  the  ctiiyl  group,  ^ludi  of  tb^  aeecic 
ether  found  on  the  market  is  of  inferior  quality,  and,  as  its  inaoafic^ 
ture  presents  no  difficulties,  the  following  proceasof  Hager  In  recom- 
mended, the  autlior  having  repeatedly  used  it  with  much  siiti^fbedoci : 
126  Gm.  of  official  alcohol  are  mixed  with  218  Gm.  of  94  |- 
or  222  Gm.  of  official  (92.5  i>er  cent.)  sulphuric  acid,  aod  i«- 
ture  aUowe^  to  stand  for  two  or  thi*ee  days  in  a  wellnJosed  Ensk,  fiij 
tliat  ethylsidphuric  acid  may  form.  Having  rendered  a  iiuantiiy  i*i 
sodium  acetate  anhydrous,  by  heating  at  130^  C.  (266**  F.)  to  cua* 
utant  weight,  164  Gm.  of  this  acetate,  in  powder,  are  plju^fd  ia 
retort  and  the  acid-alcohol  mixture  carefully  added.  The  Deiortu] 
heated  in  a  water-l^th  and  the  vapors  condensed  in  a  well  ccNikd 
receiver  its  long  as  a  brisk  reaction  continues;  the  final  dtstilkte  H 
collected  separately,  as  it  is  likely  to  be  more  largely  cootamioaled 


prfim« 


with  acetic  acid.     The  resictions  otscurrinir  in  the  f 
mav  lie  illuslniteil  by  the  e^juations,  CjHj^OH  +  H^S 
-f  H,0  and  CjH  JISO.  +  NaCjHjOj^C.H/:,!!  ^ 
Crude  acrtic  ether  is  always  mui*e  or  less  cuiii. 
liol  and  acrti*'  acid,  wliich  are  removetl  by  n'j>euU^lly  m 
ether  with  one-third  of  iti^  volume  of  a  20  per  ct^ut  8<>diu.„ 
solution  cH>ntaining  also  2  per  cent  of  sodium  carbonate  and  c 
dci^anting  the  ethereal   layer.     Milk  of  lime  and  caufttic  atl 
cannot  be  used,  since  the  acetic  ether  would  thereby  be  deoompuaed 
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and  converted  iota  alcohol  aofl  the  respective  acetate.  For  the  re- 
moval of  water,  the  puritied  ether  is  wtHl  shaken  for  some  time  with 
freshly  ignited  potasi^ium  carbonate  and  redistilled  in  a  water-bath  ; 
dehydrated  acetic  ether  is  far  more  stable  tlian  that  containint^  water* 
OflScial  awtic ether  should  be  neutral  to  litmus  |>aper^  contain  not 
less  than  98.5  ^ler  cent,  of  ethyl  acetate  and  be  soluble  in  not  leaa 
than  eight  parts  of  water  at  15*^  C,  (59*^  R);  aV>solute  ethyl  acetate 
requires  about  16.5  parts  of  water  for  solution. 

Ethereal  Oil.  This  name  \s  applied  in  the  Pharmacopoeia  to  a 
volatili'  li(|uid  com|x>sed  of  equal  volumes  of  3o*calIetl  heav^y  oil  of  wiue 
ftnd  ether.  Heavy  oil  of  wiue  is  a  complex  mixture  of  ethyl  sulphate^ 
(C,H3),SO^,  and  varying  proportions  of  certain  polymeric  hydro- 
carbons, etherin  and  etherol ;  by  some,  ethyl  sulphite,  {C,Hj)jSb3,  is 
also  8upfK>eed  to  l>e  pretient.  The  official  directions  for  preparing 
heavy  oil  of  wine  are  to  distil  a  mixtui^  of  equal  volumes  of  alcohol 
and  sulphuric  acid  (previously  allowed  to  stand  for  twenty -four 
hours,  i>artly  to  separate  lead  sulphate),  on  a  sand-liath,  at  a  temper- 
ature lietween  150°  and  160°  C.  (302°  and  ^20°  F.),  as  long  as  oily 
drops  pass  over.  The  ethereal  liquid  is  sej>arated  from  the  distillate 
aud  exposed  to  the  air  to  free  it  from  ether,  after  which,  it  is  drained 
on  a  well-wetted  tilter  and  washed  with  cold  water.  Pure  heavy  oil 
of  wiue  is  a  yellowish,  somewhat  thick^  oily  liquid  of  a  j>eculiar 
aromatic  odor  and  having  a  specific  gravity  of  1  Jo  at  15"^  C.  (59°  F.). 
Diluted  with  an  eoual  volume  of  ether,  it  constitutes  official  etliereal 
oil,  a  jmle  yellowish  liquid,  of  0  910  spec.  grav.  at  15° 0,  (59°  F). 

Ethereal  oil  is  used  solely  in  the  pre[mration  of  the  official  com- 
fK>uud  spirit  of  ether,  in  which  it  is  present  to  the  extent  of  2.5  per 
tx^nl.  by  volume  (see  page  238). 

Much  confusion  exists  r^arding  the  so-called  ethereal  oil  and 
heavy  oil  of  wine  of  different  manufactures,  and  some  care  h  neces- 
sary in  the  purchase  of  the  commercial  article.  As  the  yield  of 
heavy  oil  of  wiue  dw^  not  average  over  two  per  cent,  of  the  weight 
of  alcohol  useil,  it  stands  to  reason  that  careful  producers  cannot 
furnish  true  ethereal  oil  at  low  figures. 

Spirit  of  Nitrous  Ether,  The  official  preparation  of  this  name 
IS  an  alcoholic  solution  of  ethyl  nitrite,  CjH^NO,,  yielding,  when 
freshly  made,  not  less  than  eleven  times  it  own  volume  of  nitric 
oxide  ^s. 

In  the  plmrmaf.*op<eial  process  of  manufacture  the  first  step  is  the 
preparation  of  ethvl  nitrite  by  acting  on  a  solution  of  sodium  nitrite 
witn  sniphurio  aci^  in  the  presence  of  alcohol ;  the  nitrous  acid  lib- 
erated attacks  the  alcohol,  forming  ethvl  nitrite,  which  distils  over, 
and  water,  thu^  Cyi,OII  +  HNO,-aH,Nq,+H,0, 

The  ethereal  distillate  is  next  washed  with  ice-cold  water  and  after- 
ward with  iceM.'old  sodium  carbonate  ^ilution^  then  well  shaken  with 
anhydrous  pulassium  carlxmate  for  the  purp<:)se  of  dehydration,  and 
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finally  filtered  into  sufficient  deodorized  alcohol  to  make  the  weight 
of  the  finished  solution  equal  to  twenty-two  times  the  weight  of 
purified  ethyl  nitrite  obtained.  The  advantages  of  this  process  over 
those  formerly  employed  consist  in  the  absence  of  nitric  add  and 
consequent  less  production  of  aldehyde  and  in  the  better  coDtroI  of 
action  by  the  use  of  sodium  nitrite  in  solution  and  diluted  sulpfaaric 
acid.     The  reaction  occurring  can  be  illustrated   bv  the   following 

Siuation  :  2NaNO,+2CjH,OH  +  H^,  =  2C^,NO,-rNa^,+ 

Some  years  ago  a  method  was  suggested  by  Messrs.  Danstan  & 
Dymond  in  England,  for  preparing  ethyl  nitrite  from  sodium  nitrite^ 
without  the  aid  of  heat,  by  introducing  a  well-cooled  mixture  of 


Fio.  287. 


FlO.  288. 


I.uii>ri.''s  Nitroincler. 


Curtman'K  Nitrometer. 


sulphuric  aoid,  alcohol,  and  water,  by  means  of  a  long  thistle  tube, 
to  the  bottom  of  a  narrow  glass  vc8S(»l  containing  a  stronjr  solution 
of  8(Hliuin  nitrite  and  surrounded  with  ice  and  salt.  The  newly- 
formc<l  ethyl  nitrite  H(»])ardtes  rapidly  and  floats  as  a  yellowish  layer 
on  the  siiline  solution,  whence*  it  (»an  Ix*  removed  by  decantation  or 
with  a  siphon  and  puriHed  as  in  the  official  process.    The  prudoct 
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igaaid  to  be  ikr  lese  coDtatuiuat^HJ  than  wbeti  mode  by  dbtillatiou^ 
and  the  prtK^sess  is  expeditious  and  eonvenieut. 

Bv  some  pharmacists  spirit  of  nitrous  ether  is  made  by  mixing 
ethyl  nitrite,  purchased  on  the  market,  with  alcohol,  but  it  should  be 
borne  in  mind  that  etiiyl  nitrite  readily  detenorat<«  by  keeping.  If 
the  ethyl  nitrite  be  of  good  quality  and  freshly  pret>ured,  this  is  a 
convenient  plan  for  preparing  small  quautities  nf  tlie  official  solu- 
tion. 

The  Pharmacopoeia  directs  the  assay  of  spirit  of  nitrons  ether  to  be 
made  by  gaBometrie  et^timatiun,  the  nitric  oxide  obtainable  from  a 
given  volume  of  tlie  spirit  being  evolved  and  measured  over  a  satu- 
rated solution  of  table  salt  in  a  graduated  tube  or  nitrometer  (j^ee 
Figs.  287  and  288)  ;  full  details  of  the  process  are  given  on  jmges 
500  and  510  of  the  Pharmai-^jpcBia.  The  equation,  CjH^NOj  + 
KI  +  H^,  =  ( ,H/)H  +  KHSO,  +  I  +  NO,  shows  that  74.87 
Gm.  of  pure  ethyl  nitrite  will  yield  29,97  Gm.  of  nitric  oxide 
measuring  at  0°  C.  (H2^  F.)  22320  Cc;  hence  each  Cc,  of  NO  gas 
at  0^  C.  (32°  F.)  must  wrrespond  to  0  1X133543  +  Gm.  of  C^H^NOj, 
for  74.87  -^  22320  =  0.0O3;i543  +.  As  already  stilted  in  c*>nncx> 
tion  with  the  valuation  of  sodium  nitrite,  on  page  450,  1  Cc,  NO 
^  at  15*^  C  (59^  F.)  weighs  U.0012727  Gm.  and  at  25*^  C.  (77*^ 
F,),  0.00123  Gm.;  therefore,  since  29,97  Gm.  of  nitric  oxide  gas 
represent  74.87  Gm.  of  ethvl  nitrite,  each  Cc.  of  the  gas  at  25 "^C. 
(77  ^  F.)  must  correspond  "to  0.003072  -\-  Gm,  of  true  CjlI^NO^ ; 
for  29.97  :  74.87  : :  O.0O123  :  0,003072  +.  Tlie  quantity  of  ethyl 
nitrite  corresponding  to  each  CV.  of  nitric  oxide  gas  at  any  other 
tem|»erature  can  be  readilv  ascertained  by  dividing  0.001342656, 
the  weight  of  1  Cc.  NO  ^s  at  0^  C\  (32^'  F.)  by  the  expansion  of 
1  Cc.  of  a  gas  for  the  given  temperature  (see  page  510  U*  S.  Ph.), 
multiplying  the  quotient  so  obtaiQcd  by  74*87  and  dividing  the  pro- 
duct by  29.97. 

When  strict  accuracy  is  desired  in  gasomctric  estimations  it  be- 
comi*s  necessary  aUo  to  make  a  correction  of  the  gas  volume  for 
deviation  from  normal  barometric  pressure,  which  is  760  Mm.  or 
29.87  -f  inches.  As  the  volume  of  all  gash's  is  invcrs<4y  propor- 
tional to  the  pressure  applic<l,any  volume  multiplied  by  the  pressure, 
expressed  in  mi  Hi  meter!*  or  incliea  and  then  divided  by  760  or 
29.87,  as  the  case  may  lx\  will  expi^esnif*  the  true  volume  uuder 
niirmal  pressure.  Thun  50  C<?.  of  N(J  gas  under  782  Afra.  pressure 
will  correspond  to  51.44  -f-  Cc.  undc-r  normal  pressure;  for  760  : 
7H2  : :  60  :  51.44  -f.  Such  correction  of  volume  for  pressure  rauiit 
hi*  applitti  to  the  expansion  of  1  Cc.  for  tlie  given  tcfi  -^  bet* 

fon*  as4f  rtaining  the  et|uivalent  weight  of  ethvl  nitrite,  f  1575 

Cc,  NO  gas  at  25*"  C.  (77"  F.)  under  782  Sim.  preaeurf?  in  etiuiva- 
lent  to  1.123173  Cc,  at  the  same  temperature  under  normal  pressure ; 
for  1.091575  multiplied  bv  782  and  divided  by  760  is  equal  to 
1.123173. 

Having  acertained  the  weight  of  ethyl  nitrite  corrc^fponding  to  1 
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CJc.  of  NO  gas  under  the  conditions  existing  at  tiie  tiiue  of 
the  numljer  of  Cc,  of  NO  ji:as  *>htainocl  from   the 


the 


assay 

mi)] 
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used  multiplied  by  such  weight  at  once  expresses  the  tolnl  wright 
of  ethyl  nitrite  present,  which  muhiplied  by  100  and  divided  by 
weight  of  the  sample  used  (ast?ertained  by  multiplying  ibe  volui 
by  the  sjiecific  gravity  of  the  sample)  expresees  tJie  p^taeotige 
true  ethyl  nitritt^  found. 

Some  authorities  prefer  to  re<iuce  the  volume  of  nitrie  oaride 
obtained  at  any  given  temperature  and  pressure  direet    to  the  < 
sponding  volume  at  0*^  C\  (32*^  l'\)  and  760  Mm.  pressure  and  Uieo 
multiply  the  numljer  of  cubic  centimeters  so  obtained  by  0.002 
the  weight  in  gmrames  of  ethyl  nitrite  corresponding  to  1 
gas  under  normal  conditions,  and  from   this  product  calculate^ 
pert^ntage  of  CgHgNOj  in  the  sample,  as  indicated  in  the  prectsdiG 
paragraph. 

In  the  official  test  5  Cc,  of  spirit  of  nitrous  ether  arc  tised,  wl 
should  yield  not  less  than  65  Cc.  of  NO  gas  at  25**  C.  (77**  F,) 
show  at  least  4  per  cent,  of  pure  ethyl  nitrite.     At  26**  C*  (77**  FJ 
eacli  Cc,  NO,  as  shown  above,  iX)rrespond8  to  0.003072  Gm.  CjH| 
NOj,  hence  55  Cc.  reprmont  0.1G896  Gm.     If  the  - 
of   nitrous  ether   be   of  the  average  Hj>ecific  gravit;  t    m 

Pharmacopceia,  the  5  Cc.  usecl  will  weigh  4,195  Gro.  for  5XO.8S0= 
4.1^5,  and  to  ascertain  tlie  percentage  of  ethyl  nitrite  foiicid  it  b  ore^ 
essary  to  raidtiply  0,lt5896  by  100  and  divide  by  4.195,  which  jiddb 
4  per  cent- 
Commercial  spirit  of  nitrous  ether  is  often  of  very  inferior  qimlrtjr-i 
since  it  is  frefjuently  kept  in  large  carboys  insecurely  stoppered,  ana  | 
consetjuently  becomes  oxidizecl  by  the  air  and  moisture.  It  ,HbouM  i 
always  be  purchased  in  original  packages  of  small  size  and  preserve] 
in  a  cool  ^  dark  place.  The  acid  reaction  observeti  in  some  samples  of  1 
spirit  of  nitrous  ether,  is  diie  to  acetic  acid  produced  by  oxidatim 
from  the  aldehyde  always  more  or  less  present ;  such  acidity  aboiiU 
invariably  be  neutralized  by  means  of  alkali  carbonate^  lie'fore  d»-  ■ji 
pending  the  spirit  in  conjunction  with  alkali  iodides,  bromides,  <?tc.  ^| 
Even  under  the  most  favorable  conditions  spirit  of  Ditrotis  rtlMr  ™ 
gradually  dcterioratt^s,  and,  if  found  to  contain  less  than  3  per  emi, 
of  ethyl  nitrite,  should  be  condemned.  Exposure  to  difiuacd  day-  , 
light  and  air  aci^elcrates  decomposition,  hence,  when  purchased  ta 
bulk,  dniwn  from  half- filled  or  carelessly  stoppered  eontainers,  ike 
spirit  is  often  worthk^ss.  The  author  lias  repeatedly  bad  oeoijkioiitv 
examine  the  spirit  of  nitrous  ether  offered  for  sale  in  bulk  by  job- 
bers in  different  parts  of  the  countr)%  and  regret!**  to  say  ft  *  *  is  ^J 
a  few  cases  lias  tiie  strength  fouufl  ever  npproachcil  that  t  by  ^| 

the  PharmaropoMa  ;  in  some  cases,   less  than   1   per  c%Dt.  of  eibyl 
nitrite  was  present. 

AmtI-.  NrTRiTE.     XJnderthis  name  the  Pharmncopoiia  rcjoognbii 
a  liquid  eontiiining  about  80  per  cent,  of  true  unjyl  nitritt*,  C^H|jKO^ 
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kigt^tlier  with  variable  qtiautities  of  uodetermiDed  com}X)uatl8.  Al- 
tljuugli  not  a  Jerivativc  of  official  alcohol,  this  prepiiratioo  may  l>e 
convetiieutly  considerc^cl  at  tliia  p*»iDt,  owin^  tu  its  isiniilarity,  chemi- 
cally, to  the  pr«x*eding  solution.  Amyl  nitrite  h  an  ester,  or  ethereal 
salt,  bearing  the  same  relation  to  amyl  alcohol  as  ethyl  nitrite  bears 
to  oflScial  ur  etijyl  almhol.  It  can  be  pre|»ared  by  direct  action  of 
nitric  acid  on  purified  amyl  alctihol,  but  is  now  probably  alto^^ether 
obtain*^  by  distilling  a  solution  ofMxlium  nitrite  with  amyl  alcohol 
and  sulphuric  aci<l,  tliat  i>ortion  of  the  distillate  coming  over  l^etwccn 
95°  and  IW  V.  (20;]^  and  212^  F.)  Ix-ing  collecU-d.  washed  with 
ice-cold  sodium  carbonate  solution,  dehydrated  with  anhydrous 
potassium  c-arbonate  and  rtxlistilled  bclow^  rrK)*=^  C,  (212°  F.)!  Ao- 
cf>rdiog  to  the  equation,  2CjHi,OH  4  2NaN03  +  IIjSO,  ^  2CjHn 
NO,  +  Na^O,  +  2H3O,  2;ia.56  parts  of  amyl  nitrite  should  lie  ob- 
tained from  175,62  parts  of  amyl  alcohol,  but,  in  practice^  such  is 
not  the  case. 

As  amyl  nitrite  rapidly  deteriorates  by  exposure  to  air  and  light, 
it  must  be  kept  in  se*'urely  closet! ♦  small  vials,  in  a  dark  place.  The 
corumercial  article  is  very  variable  in  fiuality,  10  samjJ*^  having 
been  examined  in  1892  by  Dr.  C  O.  Curtman,  with  results  rang- 
ing fi\>m  27. H  to  93-71  per  cent,  of  true  amyl  nitrite.  The  valua- 
tion of  amyl  nitrite  is  made  gastnnetrically,  as  in  the  case  of  spirit  of 
nitrous  ether,  the  amyl  nitrite  being  dissolved  in  a  little  alcohol 

Srevious  to  iutinxlucing  it  into  the  nitrometer.  The  equation^  t\H„- 
rO,  -f  KI  4  H^SO^  =  C;H,,0H  ^  I  -f  no  +  KHSO.,  shows 
that  116.78  Gm.  of  amvl  nitrite  will  yield  29.97  Gm.  of  nitric 
oxide,  hence  each  Cc.  of  NO  at  25*=^  0,  (77**  F.),  weighing  0-00123 
Gm,^  corresftonds  to  0.004792-f  Gm.  of  CJIj,NO,  In  the  ofhtnal 
test,  0.2(J  Gm,  of  amvl  uitrite  is  used,  which  should  vield  nearly 
43.5  Vv.  of  nitric  oxide  at  25°  C.  (77°  F.)  ;  for  80  jier  a^nt.  uf  0.26 
IS  0.208  anil  208  -4-  0.004792  =  43.4  +. 

Paralpehyde.  This  liquid  is  a  polymeric  form  of  ethylic  alde- 
hyde, which  latter  is  an  oxidation  product  of  alctihol. 

Aldehydes,  chemically  sjieaking,  ai*e  derived  from  primary  alco- 
hols, contain  the  characteristic  group  CDH,  and,  upon  further  oxida- 
tion,  yield  acids.  Ethylic  or  acetic  aldehyde,  commonly  known  as 
aldehyde  in  commerce,  is  a  color h*ss,  neutral  liquid  obtained  by  dis- 
tiliing  a  mixture  of  alcohol,  water,  sulphuric  acid  and  manganese 
dioxide  or  potasbiutu  dirhromate  ;  the  crude  product  is  dissolvtnl  in 
ether  aod  chargcil  with  ammonia  gas.  The  rcsultiug  crystals  of 
alilehyde-ammonta,  CjH^ONH^,  are  distilled  with  diluted  sulphuric 
acid  and  rectified  over  c*alcium  chloride.  By  condensation  ot  ihn'e 
molecules  of  aldehyde,  one  of  paraldehyde  is  formetl,  3C,H40  =^  C^ 

H.A. 

The  tatter  is  usually  prepnretl  by  possing  gaseous  hydnxJilorio 
•eiti  into  aldchyile  at  ordinary  tem|H!niture  uiHil  the  lit|uid  is  no 
loogersoluble  in  an  ifpial  volume  of  water.     By  ri*|H*tited  tn*<*zing 
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and  distillatinD  the  crude  pnjduct  b  purified  until  ft  fioally  all 
tili^es  at  124°  C.  (SSS.S'^  F.). 

Chloroform.     Formerly  all  cliloroform  waa  made  bjr 
tioD  of  altMjIiol  With  a  mixture  of  cli]uriuak*d  Hineaild  wster, 
British  Pliarmnaipeia  still  recommends  this  process,  with 
dition  of  slaktxl  lime.     The  reactions  by  this*  method  are  800i« 
coraplii'ated,  iT-sulting  in  the  formation  of  ehlororomi   and  calciofli 
chloride  and  formate.     The  distillate  is  shaken  with  wat^r  to  rcfmivt 
any  undecompos^ed  alcohol  when  crude  chloroform  separates^ 

Some  chloroform  is  also  obtained  commercially  by  treating  chlorml- 
hydmte  witli  sodium  hydroxide  when  the  following  reaetioo  ocv»iir«  ■ 
C^HCIAH^O  +  NaOH  =  CHCI,  +  NaCH0,+  H,O.     Tlitf  d, 
form  is  distillcil  off  while  sodium  formate  remains  !ii  acjticotis  toiu* 
tion. 

Situn^  1885  nearly  all  die  chloroform  has  l>een  made  from  ontooe, 
by  distillation  with  chlorinated  lime,  it  having  been  found  to 
richi'st  cliloroform -yielding substance  known.    Acetone  ia  ex 
produt^ed  by  destritetive  distillation  of  acetates  or  acetic  acid  (j 
551)^  and,  since  cahium  acetate  is  regenerated  in  the  mauntju^tUfv 
chloroform  by  the  acetone  process  the  latter  has  proven  mii^t  pntfii^ 
able,     A  full  description  of  the  method  and  ap|)aratnH  us«l  tim  h$ 
found  in  the  Anuu-tcan  Jounial  of  Pharmaci/f  for  18BI>*      Tl^^^fB 
action  occurring  mav  be  illustrated  as  follows:  2C^H^O-j-BCiS9lf^ 
^2CHa3+Ca(C,HA).+2Ca(OH),+3CaCl,,   Theehlomform  ob^ 
tained  by  tliis  method  is  quite  free  from  the  chlorinated  by-prodoeti 
frequently  found  in  that  made  from  alcohol. 

For  tlie  purpose  of  purificatitm  on  a  commensal  scale,  chlon>(bnii 
is  made  to  bubble  up  slowly  through  two  suci^es^iv**  deep  layers  of 
concentrated  sulpluiric  acid,  and  afterwanl  brought  into  inttmalp 
contact  with  anliydrous  sodium  carbonate  for  the  pur|KlSl^  of  remov* 
ing  any  water  and  acid  mecluinicully  carricil  over.  Finally  the 
chloroform  is  siphoned  into  a  dry  still  and  distilled  in  a  wmtcr*baib 
at  a  lempraturc  not  exeeetling  62°  C.  ( 142.60°  F.).  The  aame  mtlhcd 
slightly  modiflcil,  so  a^  to  adapt  it  to  small  quantities,  }»  rticnisi* 
mended  in  tiie  Pharmacofxeia  for  the  treatment  of  chlorofartn  oot 
complying  with  the  official  requiremenU.  The  sulphuric  add  de- 
stroys any  organic  impuriticB  present  and  gradually  darkens  in  color, 
becoming  finally  black. 

Alwolutely  nurc  chloroform  is  very  unstable  when  exposed  to  air 
and  diiTuseil  daylight,  but  if  air  be  rigidly  excluded  rt  do^  oo4 
auffer  dec«*mp<:isition  even  in  direct  sunlight,  Exjjerionce  lias  pfovcn 
tliat  the  bt^t  preservative  agent  for  chloroform  is  nK*oho)|  and  tbf 
Pharmaco|><eia  thercfoiv  dirwts  the  presence  r>f  from  OM  to  1,0  per 
ct»nt,  of  the  latter.  Tlie  I'hicf  pnwlucts  of  dcrompwition  **f  clilofD* 
form  are  fn^e  chlorine  and  f*iirbonyl  chloride,  < 'OClj^  whidi  aiu 
i^dily  deiectc^l  by  the  <»fUcial  tests^  and  no  chloroform  ^uHild  be  iiicd 
for  internal  administration   whirh  shows  any  eontamimition* 
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lit  Pharmacopoeia  recognizes  but  one  kind  of  chloroft^rni,  but 
the  term  '*  piiriJie<l  elilomform  *■  is  still  u?ied  by  some  raanufarturers. 
The  term  formyl  tercbloride  is  sometimen  applietl  to  ehh>roforra, 
which  itiilicates  its  chemical  compDsitiou,  CHCIj,  as  a  haloid  ether  ; 
It  may  also  he  dtlled  triehlormetliaoe  if  looked  U|K)d  a>f  methane  or 
niarshgus  in  which  three  hydrogen  atoms  have  been  replaced  by 
chluriue, 

Bromoform  or  tribromomethane,  OHBr^,  is  a  compound  analo- 

fDU8  to  chloroform*  It  is  now  chiefly  obtained  by  the  action  of  alkali 
yprobromite  on  a<^tone  in  place  of  alcohol.  The  reaction,  resemb- 
ling that  explaine<l  under  chloroform,  lakes  place  al^ti  in  the  cold,  the 
bromoform  separating  aa  a  colorle^  verv  heavy  liquid  of  2.9  spe- 
cific gravity  and  boilinc?  at  148^  C.  (298.4^  F.).  It  is  s^xirinjj:ly 
soluble  in  water  but  readily  **o  in  alcohol,  and  is  easily  decompi.JSi'd  Ivy 
sunlight.    Bromoform  is  unfit  for  use  if  colored  or  of  an  acid  I'eactioa. 

ETH\nj  Bromide.  This  lifjuid,  abo  known  as  hydrobmmic  ether, 
belongs*  like  chloroform  and  bromoform,  to  the  clasa  of  cora|K»un<ls 
called  by  chemists  haloid  ethers,  one  or  more  atoms  of  hydrogen  in 
hydrocarbons  or  of  hydroxy  1  in  the  corresponding  alcohols  having 
been  replace*!  by  either  of  the  haloid  elements.  While  not  official  in 
the  United  States  and  British  Pharmatx^preias,  it  is  recog;oizeiJ  in  the 
Cierman  Plmrmacopu^ia  as  cethtr  hromnitis,  and  is  prejiared  l>y  distil- 
ling a  mixture  of  jK)t:issium  bromide,  alcohol,  antl  sulphuric  acid, 
washing  the  distillate  with  potassium  carlxinate  solution  antl  then 
water  and  finally  rectifying  over  calcium  chloride.  The  following 
equation  explains  its  formation:  C^H^OH  +  KBr-f- HgSO^^CjH^Br 
-(-KHSO^^  HjO,  Ethyl  bromide  is  a  colorless  liquid  of  nearly 
the  same  sj>e<»ific  gravity  as  chloroform,  but  boiling  at  38**  or  40^  C. 
(HXK4'^-104°  F.);  it  ha.s  a  neutral  rm<tion  but  is  readily  decom- 
p»^iefl  by  li^ht  and  air,  becoming  acid  and  clark  in  tH>lor.  It  must 
not  lie  confounded  with  ethylene  bromide,  CMI^Br,,  a  liquid  of  2A6:i 
epi^fic  gravity  and  boiling'at  131°  C.  (267!8°F.). 

Chloral.  It  is  unfortunati>  that  the  Pharmaeopceia  has  oon- 
iinui?d  tlje  blunder  of  its  prcdecesaor  by  applying  the  terra  chloral,  as 
the  official  title,  lo  the  well-known  hydrate  of  that  compound,  and 

l^more  particQlarly  since  foreign  pharmamjxeiaa  have  recognisse*!  the 
proper  name.  True  chloral  is  an  oily  liquid  having  the  composition, 
C|UCI||0,  whereas  the  official  article  is  a  crystalline  compound  of 
the  same  with  water. 

In  the  manufacture  of  chloral^  perfectly  dry  chlorine  gas  is  poawd 

J  into  cold  absolute  alcr»hol  as  long  as  the  former  continuf»s  to  Im?  nipi<i]y 
absorbed,  after  which  the  mixture  is  gradually  warmed  up  to  6t.V— 
70**  a  (140*^-138^  F.)  and  treated  with  sulphuric  ac*id,  when*y 
crude  chloml  is  separated  as  u  thin  oily  liquid,  which  is  then  nftifieil 
over  burueil  lime  and  chalk  ;  the  final  distillate  of  pure  chloral  is 
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mod  hjdrated  by  the  addition  of  a  lalrtilut**!   -u    n 
1  tke  bot  mass  pourt»d  upoo  plates  of  ^^Ia>i?,  *'n\ .  it-xi 
mid  allowed  to  ctystallize, 

iSip  iv«iiioii8  o^inrnog  in  the  above  procefis  were  tottnt^tly  mp- 
yw>J  to  conaist  in  the  formation  of  aldehyde  and  rlie  rxm^'ei^ioo  of 
^is  into  chloral  or  trichlomldehyde  by  the  action  of  chl«Jrilll^f  a* 
abBHntttl  by  the  equations,  CVH,OH+Cls=C^P-|  2HC1  tod 
C^,0+C)3=CJl(:ip+3HCL      Thii^  view  ifl  no  loir  AJk, 

mms^  it  has  been  i'uund  tliat  chlorine  brought  into  conta^  idde* 

kvdie  yields  tridjlorbiitylaklebyde,  C^Hj^CljO,  a  coiiln-  !jun  pn> 
mMk%  instead  of  rhluraL  Aceoniing  to  recent  authoritits,  ilin  imaceat 
akkhyde  produced  by  the  action  of  chlorine  on  alcohol^  acts  upon 
tlie  absolute  alcohol  prcseiit,  forming  acctal  and  water,  tbos: 
a(^,H,OH  +  C^,0=C2n,(OC,H,)2+H,p;  thcacital  f«  <Mn^t!V«-rUd 
by  ddorine  into  trichlnraeetal,  €jH/(OCjHj|,-f  Cle^<       '  I1J| 

-f  3HC1,  and  tliis  is  deroni  posed  by  the  hvdrtx'hloric  '.u       ^  :  mto 

chloral  aleoholate  and  cthvl  ebloride,  thus  C^HCL((X;.H5i,-flICI= 
CtHCi,O.C,H,OH  +  C,H;Clt  finally  the  chloral  aleohJlate  ii<  decxmi- 
uc^*d  by  sulphtirie  acid  into  chloral,  ethvl  sulphuric  acid,  nod  water, 
C.HClp.OjH^f >H  f  H,80,=C,HCl3O+ CjH.HSO,^- H/>,  Other 
dti'^»mjMi&ition  prmhicls  are  also  formed  in  small  nnantitie®. 

In  i>rder  to  fnrtljer  [Mirily  the  crystals  of  chloral  hydrate^  it  it 
qu^^tomary  for  manofacturcrft  to  again  decompose  the  hydrate  witk 
iuluhuric  acid,  whereljy  pure  chloral  is  set  free,  and  then  rt^Jtify,  iv- 
karate,  and  recrystallize  the  product. 

Chlond  hydrate  should  never  be  exposed  to  direct  stinliglit  and 
il»  acpieons  solutions,  diB|)cnBed  in  conjumrtion  with  8trongly  a)cob<4it 
Bquidf  arc  apt  to  separate  less  soluble  chloral  alc*oholate.  V\'E>eo  db* 
petiiMxl  together  with  concrete  volatile  oils  or  phenols,  the  tnixtore 
ikiould  be  tliorou^hly  triturated  until  perfect  solution  (liqae&ctita) 
haa  been  obtained.  Mixerl  with  alkalies,  chlond  is  split  up  iola 
eWoniform  and  alkali  formate.     (See  (mgc  582.) 

Chloral  has  yielded  a  number  of  derivative  prodnrts  which  are 
uuati  to  scime  extent.  The  most  prominent  of  these  is  ehloralaniidr^ 
l^llCljO.CHONH,,  made  by  interaction  between  anliydrous  chloial 
ami  formaniide,  CHONH3  (a  colorless  oily  liquid  produced  hj  dnr 
dialillation  of  urea  and  ammonium  formate),  at  alxmt  140**  C, 
(tfet4''^  F),  It  is  recDgnized  in  the  German  Pharmacc>jMt*ta  a**  chfora* 
§igm  forf  nam  i  dot  It  m  J  nml  octnirs  in  white,  lustrous  crystals  wliieJi  arc 
tK^^^v  fiohible  in  cold  water  but  are  deetjm posed  by  water  bcatiH)  to 
III)*  (\  (140**  F.).  Chloralamide  is  used  as  a  hypnotic,  and  iim»«t  mil 
t^  tvn ft ui Oiled  with  (hloralimide  obtained  by  the  action  of  heat  00 
(04kirabiinmioniutn. 

VHhcr  compounds^  surii  ns  ItvpuaK  a  CN>m[Hnind  of  chloral  and  a&li* 

fcitafim%— soronnl,  a  (N»inpt»nnd   of  ihloral,  urn^^fhane,  and  alfobol — 

r  uraliiim,  chlomKuretfiane — and    others  are  less  impcftrtani 

•   -uunt  of  the*i*  may  l>e  found  in  the  National  l/UjtenMiiafjff 

ri^  p,  455.) 
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Cloeely  allied  to  the  official  cljloral  i:^  bntyl-chloral  bytlmte,  whit*h 
is  rc't'tignijist^l  in  the  British  PharmaixincEia,  and  ia,  in  cMjiiimeree,  often,  al- 
though wrongly, called rrotoD-eblorai  hydrate.  It  is  prepared  from  eth- 
y lie  aldehyde,  by  acting  upon  it  with  tiilorine,  at  a  lt>w  temperature — 
— 10*^  C.  f  14^  ¥.) ;  the  mixture  is  finally  subje<."tfd  to  fractional  distil- 
latiun  until  a  product  boiling  uniformly  between  16."^°  and  165°  0. 
i^o2">.4^  and  329*^  F.)is  obtained,  connisting  of  trichlorbutylaldehyde 
or  butyl-chloral,  which  is  then  converted  into  the  crystalline  hydrous 
variety  by  addition  of  water.  Butyl-chloral  hydrate  dissolves  spar- 
ingly in  cold  water,  but  fi^y  in  hot  water,  alcohol,  and  glycerin. 
It  differs  from  chlaral  hydrate  by  not  yielding  chloroform  with 
alkalies  but  instead  d  r- hi  orally  1  one,  CjHjCIj. 

Iodoform.  This  compouutl  may  be  obtained  from  alcohol  or 
acetone,  by  the  action  of  io^iine  in  the  presence  of  alkali  hydroxides 
or  carbonatca  For  many  years  only  alcohol  was  used  and  either 
Bouchardat's  or  Fil hoi's  process  employed.  The  former  consijits  in 
heating  iixline,  ixitaasium  bicarl)onate,  alcohol,  and  wat*^r,  in  a  long- 
neck  flask,  to  bttween  m^  and  80^  C.  (140°  and  ITO^  R),  tintil  the 
c-olor  has  disappeared,  then  adding  small  portions  of  iodine  as  long  aa 
these  are  taken  up  and  decolorized;  the  mixture  is  finally  set  aside 
for  twenty-four  hnurs  and  the  crystals  collected  on  a  filter.  About 
one-third  of  the  iwiiue  is  recovered  as  iodoform,  the  remainder  form- 
ing potassium  iodide* 

Filhol's  process  insures  a  ranch  larger  yield.  Iodine  is  added  in 
small  portions  to  a  warm  mixture  of  sodium  carl)0Date,  water,  and 
alcohol,  and,  after  cooling,  the  crystals  are  colletled  ;  the  filtrate  is 
again  warmed,  some  alkali  carbonate  added  and  a  rapid  current  of 
chlorine  pa^^scd  through  the  liquid  as  long  as  io«luform  is  separatetl, 
which  is  again  collected  and  the  filtrate  made  to  yield  more  iodoform 
by  repeating  the  treatment.  The  formation  of  iodoform  may  be  illns- 
tratcd  bv  the  following  equations  C,HjOH +1^4-6 KHc6j=Ci  11, 
-f  5KI  +  KCHOj+(3CX>,-f-5H,0,  alkali  formate  l)einu  prolmbly  al- 
ways produced  together  |>erhaps  with  ethyl  ioilide,  acetic  ether,  and 
other  compounds.  The  results  appear  to  be  greatly  influenced  by  the 
relative  proportions  of  the  materials  used  and  the  temi>erature  em- 
ployed, 

Since  1880  the  process  of  Sulliot  and  Raynaud  has  been  lai^lv 

1,  by  means  of  which   io<Ioform  of  unusual   purity  is  obtained. 

*  ition  of  fifty  parts  of  sodium  or  potassium  iodide  (in  France 

erived  from  the  asn  of  sea- wee  I)  is  mixed  w*ith  six  parts  of  ar-etone 

'and  a  solution  of  two  parts  of  cjtustic  sotla  in  lOCM)  parts  of  water; 

a  dilute  solution  of  soniom  hypochlorite  is  ndd<^^],  drop  by  drop,  as 

long  as  iodoform  is  produf"e<1»  the  yield  l>eing  about  the  theoretical 

iiiuautity  acconiing  to  the  e<|uation,  »5XttI-l-3NaC104-C,H^O=iCHl3 

-SNaCl+NaC.HA+'-^NttOH, 

In  GiTmany  iodoform  has  nts<j  l>een  maile  by  subjc<Hinga  si'ihition 
of  fifty  jMirts  of  iKiCis^ium  iodide  in  300  parts  of  water  and  thirty 
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parts  of  aleabol  to  electrolysis  while  a  eonstaot  euireiit  of  i 
dioxide  i.s  l>eing  passed  into  the  liquid. 

During  the  \m%i  ten  years  eeveral  substitiites  for  iodoforiD  bave 
been  introducMHl,  but  in  spite  of  the  jx^rsistent  unpleasaut  odor  of  the 
latttT  its  use  by  physicians  still  surpasaei*  that  of  the  projiu^efl  *ab* 
stitutes,  of  which  the  two  best  known  are  iodol  and  art^oL  lodcJ  ii 
chemiciilly  tetmiodopyrrol,  C^I^XH,  ubtainocl  by  the  intemcritjai 
iodine  and  pyrrol  (a  wejik  base  found  in  coal  tar)  in  alcoboli 
tion  ;  it  falls  as  a  yellowish,  flocculeut  precipitate,  upon  the  \ 
of  water  aud  contains  about  89  per  rent  of  iodines  Arista] 
also  known  as  finnida/in,  is  ehemically  dithyraoldii<xlide,  t'^jH^ 
and  is  prepared  by  adding  a  strong  solution  of  thymol  in 
hydroxide  solution,  with  rionstant  stirring  and  at  an  ortliiianr  j 
perature,  to  a  strong  soiutidU  of  iodine  and  potaasium  iodi' 
water ;  aristol  is  formed  i\s  a  dark  In'ownislj-red  precipitate^  which  i 
Buli^^iuently  washed  with  water  and  dried. 

Other  compounds  which  have  bec^n  recommended  as  siihetitutfs 
i^xluform  are  europhen,  or  dii»obutyh»rthocresol-diiodide,  an  amor* 
pljijus  yellow  powtler,  sozoidol  or  sozoiodolicacid  and  its  saJtB,occiir- 
ring  in  crystalline  form,  sulphanmiol  or  thioxydiphenylaniioe,  t 
yellow  insoluble  powder,  losophaue  or  triiodometacPUfiol,  odorles 
and  colorless  crystals  tHmtaining  nearly  80  per  cent,  of  iodine.  The 
advantage  elainnxl  for  some  of  these  is  the  alisenoe  of  <x)lor  and  odor; 
a  full  ac^-ount  of  them  can  l)e  found  in  the  Natiamil  I^isp 
fifth  edition,  pp.  879  and  880, 

Among  the  non-oiBcial  alcohol  derivatives  may  l>e  meotiociid  i 

following: 

Bhom\l.     CHBK),      Tills  eorapouud   resembles  cIj 
chemical  natiiit;,  and,  like  it,  ibrm^i;  a  hydrate  and  an  ah<Mi     .i         It 
is  prc|>ared,  like  chloral,  from  al>®olute  alcohol,  by  the  action  of  im^\ 
mine.     With  alkali  hydroxides  brnmal  forms  bromoform  aod  alkali 
formate.     It  must   not   be  confounded   with   bromol,  which   is  tft- 
bromophenol.    (See  page  558.) 

UKtrriiANE,  While  in  cheraistrj'  the  term  nn»thane  is  applied  Itl 
all  ethers  of  carbamic  acid,  in  pharmacy  and  medicine  it  is  restrictol 
to  one  impound,  namely,  ethvl  uretlmne  or  ethjicarbamalf. 
CONHjOCjH^*  It  can  lx*obtaine<(in  sevcnil  ways,  but  for  cnodtdoai 
use  is  preparnl  by  heating  in  a  scaled  tuliea  mixture  of  ori«2i  tittivfii 
and   a1(H>ht»l   for  several  hours  at  a   temj>enitun*  of  17  ^  C. 

(248'^   26t>°  F.);  the  i-esul ting  crystalline  mass  isdi8Si»l\  aler 

and  shaken  with  ether,  which  latter  extracts  the  urethane  and  vidds 
it  in  crystals,  upon  distillation,  which  niny  lie  further  purified  bjr  re- 
crystallimtion  from  water.  Phenyl  urethane  is  known  in  coaimm* 
aa  euphorine. 
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SuLPHONAL.  This  is  the  copyrighted  name  applied  to  a  definite 
chemical  compound  and  recognized  in  the  British  and  German  Phar- 
macoixeias.  Its  chemical  formula,  (CH3)2C(SO,C,H5)j,  shows  it  to 
be  diethylsulphonyl-dimethylmethane.  Sulphonal  is  prepared  by 
oxidation  of  mercaptol  with  potassium  |>ermanganate  ana  purified  by 
recrystallization  from  water  or  alcohol.  (Mercaptol  is  an  oily  liquid 
obtained  by  passing  dry  hydrochloric  acid  gas  into  a  mixture  of  two 
parts  of  anhydrous  ethyl  hydrosulphide  or  mercaptan  and  one  part 
of  anhydrous  acetone.) 

Trioxal  is  diethylsulphonyl-methylothylmethane,  and  is  prepared 
exactly  like  sulphonal  except  that  methyl  ethyl   ketone  is  usitl  in 

Elace  of  acetone  in  the  manufacture  of  mercaptol  ;  if  diethyl  ketone 
e  used  in  place  of  acetone,  another  compound  known  as  Tetronal 
is  obtained.  All  three  compounds  occur  iu  the  form  of  colorless 
crystals  and  are  sparingly  soluble  in  cold  water. 


CHAPTER   LYI. 

FATS  AXD  FIXED  OTIS. 

The  physical  properties  of  these  compoands  have  already  been 
considered  on  pflig^s  lS$-19o.  Chemicallj  ther  bdoog  to  the  din 
of  esters^  or  ethereal  salts,  being  mdilj  convertible  into  the  re- 
spective acid:«  and  aIa>hok  hv  means  of  alkali  hjdroxides.  With  a 
few  cxr-eption^,  the  basvloos  radical  is  the  same  for  all  fiits  and  fixed 
oils,  whether  obtained  from  the  vegetable  or  animal  kingdoai,  namely, 
glyoerjl  or  prf»penyl,  C,H,,  a  trivalent  groan  derived  from  the  hy- 
drocarbon propane,  C^H^  the  alcohol  or  hydroxide  of  which  is 
glycerin  or  prr^penyl  alcohol.  C3Hj(OH), :  other  bases  obtainable 
from  fats  are  rholesterio,  myricin,  cerotin,  cetin,  etc.  The  acid  radi- 
cals found  in  fat«  are  many,  the  chief  ones  being  oleic,  palmitioy  stearic^ 
lauric,  aracbir*,  erucic,  and  myristic  adds,  varying  from  one  to 
three  or  more  in  number  for  a  single  fat  or  fixed  oil. 

The  ordinary-  fats  and  oils  used  in  pharmacy  consist,  for  the  moat 
part,  of  two  or  three  compound  ethers,  to  which  the  names  oleio, 
palfnitio,  and  .stearin  have  been  given  ;  of  these,  oleio,  being  always 
liquid^  naturally  forms  the  chief  constituent  of  fixed  oils,  while  nal- 
mitin  and  ^tea^iD,  l)eing  S4»lid  at  ordinary  temperatures,   by  their 
pH'^n^^e  d«  t»Tnjine  the  firmer  coDsi.«»tence  of  solid  fats.    All  three  are 
fatty  a^id  e«t* rs  of  trlyciryl,  known  respectively  to  chemists  as  gly- 
ceryl trlolf^te,  r'jIIjfC.H^bj,,  glyi'enltripalmitate,C3H5(C„H«Oj, 
ami  glyr-rnl  tri-tearatr,  C^Hjf C'ljHjjOj^ ;  the  names  glycerioeB  of 
ole'u',   jKilmitir-,  and   .stearic  acid  are  also  applied   to  them.      The 
ok'i*-  a'  id  df:*riv<-d  from  ditfercnt  oils,  not  having  a  uniform  composi- 
tion and  prM|>f  rties,  ?|)ecMfic  names  are  employed  to  distinguish  the 
resjK^tivf     L'lvferid^s;       thus,     olein,     C^H^iCijHjjO,),,      linoleia, 
Cill/r.Ji^O.'jj,  and  physetulein,  CjII.(C,^Hj50j)3;  the  first  named 
occurs  U^tli    in  animal  and  vegetable  lats,  the  second  only  in  v^- 
etable  fat^,  wliih*  the  third  is  confined  to  animal  fats,  chiefly  fish  ou, 
seal  oil,  etc. 

The  following  true  fats,  reci>gnizeil  in  the  Pharmacopoeia,  are 
mixtures  of  glyceryl  esters : 

Animal  Fats.  i/i/*(/, coraposeil  of  about  60  per  cent,  of  olein 
and  40  |)er  c-ent.  of  a  mixture  of  stearin  and  |)almitin.  Lard  oil  is 
almost  pure  olein  with  small  and  varying  proportions  of  palmitin  and 
alearin,  de))endent  upon  the  care  with  which  the  oil  has  been  ex- 
■WBBcd.     Sud  consists  of  about  75  or  80  per  cent,  of  stearin  and 
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palmitin  aod  20  or  25  |)er  cent,  of  oleic.  Cofilivcr  oi!  coDtains  in 
ita  crude  slate  about  70  per  oeut.  of  physt^tolein,  25  per  cent,  of 
paJmitiu  together  with  ftmall  quantities  of  stearin  and  other  glycer- 
id«» ;  its  acid  character  is  due  to  the  presence  of  free  fatty  adds.  It 
is  said  also  to  c*7otain  organic  compounds  of  iodine,  bromine,  phoe- 
phoms  and  sulphur,  as  well  as  triraethylamine,  asellia,  C^^H^^N^?, 
inorrlmin,  C'l^H^yNj?,  and  morrhuic  acid,  C^Hj^NOj?  Morrhuol, 
said  to  represent  the  active  virtues  of  cotlliver  oil,  is  obtained  by 
treating  the  latter  with  90  per  cent,  alcohol  and  distilling  the  liquid 
after  filtration  ;  it  constitutes  the  oily  residue  left  in  the  still,  has  a 
disagreeable  odor  and  a  sharp,  bitter  taste. 

Vegetable  Fats.  Almond  oil  (expressed)  is  probably  the  purest 
form  of  olein,  containing  only  very  small  quantities  of  the  ^ters  of 
Itnolic  and  the  solid  fatty  acids,  hence  it  can  be  cooled  to  near  — 20°  C. 
( — i^  F,)  without  congeal ing*  CaMg^:^_mLxoimsi6  chiefly  of  ricin- 
olein,  Cj|H3(C||H^03)j,  whicli  differs  from  olein  in  being  theglycvride 
of  an  acid  containing  in  eai^h  molecule  one  more  oxygen  atom  than 
oleic  acid  ;  small  quautitic:^  of  stearin  are  also  present.  It  diflFers 
from  other  fixed  oils  in  being  i*eadily  soluble  in  alcohol  and  insoluble 
in  benzin,  petroleum,  and  paraffin  oils.  Coltmiseed  o*7_is  a  mixture 
of  olein,  palmitin,  and  linolein  ;  it  contains  aTso  a  small  proportion 
of  a  non-saponifiable  body.  In  its  crude  state  the  oil  contains  albu- 
minous ana  rt-sinuus  matter,  to  whith  latter  the  dark  color  is  due, 
Oroton  oil  contains  olein,  palmitiu,  stearin,  and  the  gly<^rides  of  a 
number  of  other  fatty  acids.  The  vesicating  and  purgative  action  of 
orotoo  oil  ia,  acoording  to  the  latest  investigations  of  Kobert,  due  to 
jWft^^Hl^lifl  jifjuf  which  exists  in  the  oil  both  in  the  free  state  and  as  a 
givceride  and  can  l>c  extracted  by  means  of  alcohol.  Liiiseed  oU^ 
when  pure,  ci3nsists  of  80  or  90  per  cent,  of  linolein,  the  balance 
being  made  up  of^tc^rin^pahnitm^^  Its  property  of  ab- 

eorbing  oxygen  anoTncreasmg  in  wetgHTTsex  plained  elsewhere*  Olive 
oil  is  a  mixture  of  about  70  jier  cent,  of  olein  ^5j)er  cenltjif-JiQoleini 
and  26  per  (?ent.  of  ]>almitin  and  arachiu,  the  latter  two  glycerides 
lieing  pn^ent  in  greater  proj>ortion  in  the  lower  grades  of  the  oil. 
The  >:reen  ooh»r  is  due  to  chlorophyll  in  solution,  Sesatne  oil  con- 
tains olein,  (^lalrnitin^  and  stearin.  Oil  of  theohrama,  or  cacao  butler^ 
is  composed  of  the  glycerides  of  oleic,  palmitic,  stearic^  lauric»  and 
arachic  acids. 

Among  (be  fats  used  in  pharmacy  which  do  not  contain  the  radi- 
cal glyciTyl,  the  following  mav  be  narueil  :  Beexmax^  which  consists 
of  myricyl  palmitate,  Cj^H^j^.Cj^HjjOj,  and  free  (tirotic  acid, 
HCjyHjjOj.  with  small  quantities  of  !>i^  melissic  acid.  Hmmiaceti 
is  chiefly  cetyl  palmitate,  CjjHjjCj^HjiO*;,  which,  during  the  life  of 
the  aperm  whale,  is  held  in  solution  in  sperm  oil  or  oetinelain. 
Lanolin  is  a  mixture  of  various  compound  ethers  of  cholesterin  and 
iaocfaoK^terin,  C^H^plI,  the  official  article  containing  also  30  per 
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cent,  of  water;  the  etiolesteryl  ester* caunot  L>e  !rU{H«niri'   1  \*y  \f^ 
with  an  aqueous  solution  of  potassa,  hemt^  tliey  i^*\u    \*v  tvnd-As 
arated  from  other  fats  and    free   fatty  auidn  with    which    il  r 
associated  in  the  greajse  of  sheep's  wool.     Chulesteriu  liu  ai^t- 
distinguit^hed  iroiii  glycerin  fats  by  the  ap}>eamiice  of  a  piiilc 
gradually  changing;  iu  green  or  blue,  when  rx>ncentratea  &ulp&i 
acid  18  ailuwed  lu  (trop  slowly  into  a  solution  of  0.1  Gm.  of  the 
(lanolin)  in  3,5  O',  of  acetic  anhydride,  (CjHj)jO;  fatty  add  gly<^- 
ides  do  not  show  this  color  reaction. 

When  absolutely  pure,  fats  and  fixed  otld  are  withovt  Mtioo  an 
litmus^  hut  in  the  presence  of  air,  light  and  tnoisiun%  deeotopoailioii 
and  oxidation  gradually  ensue,  an  unpleasiint  o^lor,  due  to  llie  fbran- 
tion  of  volatile  }>roilucts,  and  an  acid  reaction  beiii^  observadi  Rto 
are  not  atte<'ted  by  a  teniiierature  of  100^  C.  (212  R)  btrl,  ill  SSO^C. 
(482*^  F.),  the}^  are  decomposed,  various  volalile  prodtieU  hom/i 
forujed,  among  which  is  an  irritating,  ^xloroUHSulKStamn*,  csill<?d  iqs^ 
iJeiUy  which,  chcmictilK%  is  allyl  ahleliyde,  C^H^C),  aud  Ij*  drnvrd 
troni  the  dirom position  of  the  glycerin  pi^esent  in  fat8. 

The  division   of  fixed  oils  into  drying  and  nonHirying  otW  hm 
ahvady  been  mentioned  on  page  187  ;  to  the  first  daaa  belci 
eeed  oil,  while  olive  oil  and  expressed  oil  of  almond  are  re|« 
tiv'es  of  the  second  class.     A  third  class  might  be  named,  eiiibradfif| 
those  oils  winch  partake  of  some  of  the  properties  of  bot'    "'      *T^ 
and  non-<lrying  oils  ;  this  class  includes  castor  oil,  cottm  .  and 

fiesanie  oil.  This  dilTerenci*  in  their  Ix^havior  when  ex  postal  u»  air,  ii 
due  to  difierence  in  chemical  comp^isition,  drying  oils  being  glyoer- 
ides  of  linoleic  acid,  C^gHj^gCK,  wliich,  upon  cxposnre  to  air,  ahsorii 
oxygen  and  are  converted  into  ^jxyHnojeic  Cg,H^O,p  or  liooxin. 
Rc«'rnt  investigations  liave  shown  linoleic  acid  to  Ik*  a  mixttirv  of 
varialile  proportions  of  three  other  acidn  beside  oleic  add,  whirii 
former  are  alone  concimcd  in  the  gra<lual  isoliditicati^m  of  d 
oils.  The  smaller  the  prop>rtion  of  oleic  acid  present  in  dryiii 
the  more  rapidly  and  thoroughly  will  tlie  oil  solidify  u|Hiti  cxj 
this  explains  why  oils  lH?Ionging  to  the  same  group  with  ixittc 
oil,  dry  so  much  more  slowly  and  imperfectly  tliati  t' 
the  lin&ccd  oil  group.  The  glyceride  of  oleic  aeid  [ 
oils  behaves  like  tliat  nf  the  uon -drying  oils,  but  ^rUtUt  it 

Erobaldy  estop[)ed  by  the  formation  of  the  other  ox  p  ^^rodtidftj 

enee  the  unpleasant  o<ior  and  acidity  before  mentioned  are  not  < 
servable  in  true  drying  oils. 

Non-drying  oils,  consisting  chiefly  of  the  glyceride  of  oleic  addjl 
with  varying  proportions  of  palmitin,  upon  exj>o8un^  to  air,  \ 
to  absorb  water  and  split  up  into  free  oleic  (and  jmlnutif)  \ 
glycerin,  the  latter  lacing  gradually  oxidisrvcd  into  carl)«»n  diuxidi!  i 
water,  and  thus  disap[K>nring.    iThe  oleic  acid  absv^rbii  oxygra  and  ii 
gradually  t*ouverted    into  oxysti'ftric  acid   and  finally  inUi  vulatibj 
odorous  acids,  such  as  cjipronic,  valerianic,  etc*     This  proceos  < 
com]K)fiition    is   tcrmc^d  nincidific^ition  and    exphiius    the 
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falMjHlpiiic;id ity,  noticed  in  old  mid  carelejssly  pre&ervid  f^tB  and 
fixed  Otis.  By  some  it  is  thouglit  that  tbe  change  Is  t^ujx^rind tired 
by  the  presence  of  rnutrihiginous  or  albiiminons  luatter  in  tlie  fat, 
acting  aj3  a  ferment  under  the  influence  of  light,  air  and  moisture. 
Rancid  fat^,  therefore,  always  contain  free*  acid  and  yield  less  gly- 
cerin tliaD  sweet  fats,  when  saponifies!,  V 

Id  the  chemical  eicami nation  of  iai&  and  fixed  oils  for  adultera- 
tions, etc.,  two  reactions  ore  especially  employed  by  analysis, 
nanit'ly  :  that  with  potassium  liydruxide  and  that  with  iodine.  In 
the  first  case  1  or  2  Gm.  of  tlie  fat  or  oil  are  boiletl  with  a  delinite 
volume,  25  Cc,  of  aleoliolic  solution  of  potassium  hydroxide,  of  known 
filTcngth,  in  a  flask  in  a  water-bath  until  saponitieation  is  complete, 
usually  about  15  minutes,  anil  an  excess  of  alkali  remains ;  the  ex- 
cessive alkali  is  determined  volumetrically  with  deci  or  semi-normal 
acid  and  thus  the  quantity  of  alkali  used  for  saponifying  the  fat  ascer- 
tained ;  from  this,  the  numlxT  of  milligramme^  of  potas&ium  hydrox- 
ide required  by  one  gramme  of  any  fat  or  fixe<l  oil  is  calculatid, 
which  is  called  Koettsd offer's  saponiBcation  factor  of  that  particu- 
lar fat  or  oil. 

The  iodine  test  depends  upon  the  fact  that  fats  are  capable  of  com- 
bining witli  varying  quantities  of  iodine  and  forming  colorlesi^  addi- 
tion products  under  certain  favuralilc  conditions.  Two  solutions  are 
used  for  this  lest,  wliich  is  known  as  Hiibl's  itKline  test,  namely  one, 
txjnsisting  of  5  Gm.of  iinline  in  100  0\  of  l.*5  |>er  t>ent.  alcohol,  and 
another  consisting  of  (>  Gm.  of  pure  mercuric  chloride  in  100  Cc.  of 
95  |»er  cent,  alcohol.  Etjual  volumes  of  tlie  two  solutions  are  mixed 
and  allowed  to  stand  for  twenty-four  hours  in  a  well-closed  bottle,  after 
which  the  iodine  value  of  the  mixture  is  determinetl  by  titration  with 
decinormal  sodium  thio'-ulphatc  solutiou.  The  fats  or  fixed  oils  are 
then  tested  at  once,  aa  follows  :  0.2  Gm,  of  drying  oils*  0  4  Gm.  of  non- 
drying  oils,  or  0.8  Gm,  of  solid  fats  are  wcighcxl  into  a  500  Cc,  flask 
and  dissolved  in  10  Ctv  of  chlon»form,  after  which  25  Cc ,  or  in  the 
c»8e  of  drying  oils,  40-60  Cc,,of  the  above  itidine  raixtnrearea4ldeil  ; 
if  afler agitation  the  liquid  is  not  t^le^ir  a  little  mon-  rhloroform  must 
be  ndde<i.  The  flask  is  lightly  closet!  and  set  a.-^ide  f(»r  two  fiours, 
when  tlie  mixture  shouUl  still  renmin  highly  colored,  otherwise  10  or 
15  CV;.  more  of  the  icKlinc  mixture  are  added  and  the  flask  si*t  aside 
ior  two  hours  more.  Alrout  20  Cc.  of  a  10  per  c^nt.  atjueous  solutioa 
"^rf  [Mitusgium  iodide  are  now  addeii,  as  n\m  150  Cc.  of  water  and 
decin(»rmal  sixlium  thio^ul|»hate  added  from  a  burette,  with  frequent 
agitation,  until  both  the  aqueous  and  ehlort)formielayei's  art*  de<"olor- 
lAxl,  using  stiinli  mueilagi'  as  an  indicator  toward  tlie  end.  Having 
tlius  aa<^*rtain«d  by  ditl'ei-ence  the  amount  of  iiKline  actually  absorbed 
by  the  fat,  tlie  iodine  number,  as  the  amount  of  iodine  absorbed  by 
lOti  Gm.  of  any  fat  or  oil  is  usually  termed,  cam  readily  l>e  calculate*! 
I)y  the  rule  of  three,  thus  if  0.4  Gm.  of  a  fixed  oil  have  alisorbed  or 
c^HnbtnHl  with  0.3  Gm,  of  iodine  the  iodine  num!>er  of  that  oil  will 
be  76  fiir().4  :  0.3  :  :  KK:)  :  75. 
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The  foIluwiDcj  table  shows  the  Iwhavior,  when  purei  of  ■omt  of  Uk 
lending  iixetl  uil^  used  in  pharmacy  toward  potiist^iuai  hTdroxiii«aiMl 
iodine.  The  variations  are  due  to  age  and  other  uoavoidsbk  ooodi- 
tioDS : 


ExproMsd  Oil  of  Almood 
OHt«(MI 
CWtorOil     . 
BetameCHl   . 

Cottonseed  Oil 
JJnficetl  Oil  , 


.     ITO.O-lSl.o 

,     190.0-194.6 

.     19L0-*210.5 

189,0-11>5.2 


lo4lai2 

86.6-  «1» 
110*9-115.7 


The  aetloti  of  acids  on  fat^  and  fixed  oils  varies  ron«idemb1? ; 
thus,  strong  hydrochloric  add  has  no  effect  upon  iht*'in,  m  alio 
cold  diluted  nitric  acid  and  cold  or  hot  dilntod  Aii|phiii-i«^  Uriel 
Nitrous  acid,  as  well  as  warm  nitric  acid,  conv^  !  • 

a   compound    isomeric  with    it,    but  of  tirm    '  .i.j 

Bulphuric  acid  decomposes  fats  slowly  in  the  cold  and  rapidly  with 
the  aid  of  lieat,  fijrming  sulpho-com pounds  of  the  fattv  aeiJ%  m 
Avell  as  of  the  glycerin.  If  tMjncentratetl  sulphuric  acicJ  be  adckd 
to  almond  or  olive  oil  and  the  mixture  be  kept  at  a  fempentaiB 
below  50""  C,  (1-2^  F,),  8ulpho-<ilcic  and  glvcervl  sulphiino  acidi 
will  be  form^^i  HS0,C,,1V),  and  C,n,{H80ji;  if  iMtor  oil  he 
used,  sulphoricinoleic  acid  will  be  produced.  The  glycervUuIpharic 
acid,  upon  addition  of  water,  is  again  converteci  into  gfycenn  aod 
water,  and  can  thus  be  removed  ;  the  sulpho-oleic  aei<l,  luiving  been 
ptiritied  by  washing  with  salt  .solution,  can  l)e  ci)mbine«l  with  alkxli 
hydroxides,  yielding  water  miscible  sulpho-oleates,  \  acccmiil 

of  their  absorbability  have  been  recommended  as  v  :or  olot- 

ments,  under  the  names  oleite,  polysolve,  etc.  (see  page  -Ml}. 

Dwomposition  of  fats  can  also  be  effected  by  su]>erliealed  stcAm, 
which  fact  is  utilized  in  the  manufacture  of  glycerin  on  a  lurge  mmk^ 
as  already  explained  on  page  I9G, 


M 


Saponification.  Alkali  hy<lroxides  and  moist  metal  lie  o: 
in  the  cold,  only  partly  decompose  fat*  and  fixed  oils,  forming 
sions  with  them,  as  shown  in  the  case  of  the  official  aminonta  aod 
lime  liniments,  but,  at  boiling  temperature,  complete  diaBOGmtiaa  k 
effected,  the  fatty  acids  combining  with  the  metallic  base,  wbik 
glycerin  is  liberated.  The  new  compounds  thus  ol stained  mre  known 
as  aoap,  and  the  process  is  termed  sajxjnifieation  ;  the  chamc^er  of  tbe 
soap  aei>ends  upon  the  jmrticular  hydroxide  emf)Ioyt*<l,  soda  tovarv 
ably  forming  hard  soap  while  potassa  and  ammonia  form  soft  aoap. 
The  pro<t!SS  of  saponification  mav  be  illu.stnited  bv  tht»  follnmnj 
eciuation,  C3n,(C,3H^,0,)3  +  ^NaOH  =,'?V  "  6,+C;H,(OH)w 
which  represents  the  manufatHure  of  hard  -  u  olivf*  ml 

In  the  nmuufattun*  of  soa|»  it  is  customary  to  add  tin  ^Jih 

tion  in  slight  ext^^  to  the  fat,  in  order  to  insure  comp,: ^'ooi- 

posttion  of  the  latter,  the  excess  remaining  in  S4ilutioQ«     Boilttig  of 
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the  mixture  is  cootiDued  until  it  becomes  transparent  and  somewbat 
tenacious,  showing  that  uo  uncornbined  fat  remains  ;  this  is  necessary. 
as  the  decomp4>Bitiou  of  the  fat  is  gradual  and  the  newly  formed 
soap  serves  as  an  eraulsitying  agent  for  the  fat*  As  the  process  neurs 
completion  iridescent  bobbles  are  seen  to  rise  on  the  surface,  e<:»nsi8t- 
ing  of  soap  solution*  Finally  common  salt  is  added  to  the  finished 
solution,  whereby  the  soap  is  precipitatecJ  and  can  theu  lie  drained 
and  allowed  to  dry  in  suitable  moulds.  This  explains  the  fact  that 
ordinary  soap  will  cause  no  lather  with  sea  water,  a  special  soap 
made  with  coiH)a-nut  oil  or  resin,  and  known  as  marine  soap  l>eing 
preferal>le  for  this  purpoa<\  since  it  is  soluble  in  the  solution  of  salt. 
Since  all  fats  contain  some  jialmitin  or  stearin  (even  the  fixed  oils), 
the  eonsihtence  of  the  soap  will  de|)end  in  part  up:»n  the  proportion 
of  solid  fats  present,  being  firmest  in  soaps  made  partly  with  stearin 
fats,  such  as  suet,  tallow,  etc 

The  term  napouification  is  also  use<I  to  express  the  decomposition 
of  fats  and  fixed  oils  by  water  with  the  aia  of  superheated  steam, 
which  results  in  the  liberation  of  the  fatty  acids  and  glycerin,  as  in 
the  case  of  tallow  or  suet,  thus:  C^H5(C,9H,50,)3  +  aH,0  = 
SHCigH^jOj-f  CaH/OH)^.  Cliemists,  not  confining  the  process  to 
the  ^lyceridt^  of  fatty  acids,  further  apply  the  term  to  the  resolution 
of  all  comp^jund  ethers  by  an  alkali  into  the  respective  acids  and 
alcohols,  which  is  often  practised  in  connection  with  the  determine 
ation  of  certain  constituents  of  volatile  oils.  The  action  of  potassa 
on  aldehyde,  resulting  in  the  forniatinn  of  aldehyde  resin,  has  aldo 
sometimes,  but  erroneously,  been  called  saponification.  In  pharma<y, 
the  term  soap  is  always  restrictcii  to  the  alkali  salts  of  fatty  aeicb^ 
"  "btained  by  treatment  of  a  fat  or  fixed  oil  with  a  boiling  solution  of 
or  ]>otassa,  which  are  soluble  in  water  j  the  name  oleate  or 
plaster  is  more  properly  applied  to  those  soaps  which  are  insoluble 
m  water  or  alcohol  and  are  made  with  the  oxides  of  the  earths  or 
bfA^y  metals.  Soap  made  wholly  from  animal  fat  is  but  sparingly 
soluble  in  cold  alcohol  and  therefore  to  be  preferred  for  the  prepar- 
ation of  solid  o{)odetdoc  and  similar  firm  liniments. 

llEDtCATEP  Soaps.  While  soaps  intended  simply  as  detergeotSi 
may,  without  detriment,  contain  a  very  slight  excess  of  alkali^  it  is 
desirable,  when  me«1i<*ation  of  the  soap  is  intended,  that  prior  to  its 
application,  a  perfectly  neutnil  suljstance  be  employed  ;  it  has,  in 
fiiet,  been  found  that  soap  containing  uncombine*!  fat  is  even  prefer- 
able to  neutral  or  normal  soap,  for  not  only  does  it  render  the  skin 
softer  but  reaction  between  the  soap  and  any  medicinal  agent  added 
is  also  thereby  avoided  or  at  least  reUirded.  Such  soaps,  containing 
an  excess  of  &t,  are  known  as  **  superfattetl  soaps**  and  have  l^een 
largely  used  for  the  past  ten  years.  In  pre|mri ng  them  it  is  custom- 
ary  to  atld  an  excess  of  3  or  5  per  cent,  of  fat  or  fixed  oil  in  the  be- 

■  ginning  of  i\m  operation^  which  then  remains  intimately  mixed  with 

■  tlie  newly  formiHi  sc>ap.     In  a  few  cases  the  excess  of  fat  has  bseo 
I  38 
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incorporated  with  the  fref^bljr  made,  neutral  suap  while  yet  in  a  i 

pasty  coodition.     Both  olive  oil  and  laoolin  are  u^ed   in  the  mn 

&cturi?  of  superfatted  soapSt  having  been  found   pr^lerable  Ixi  ^^^ 
other  fat%  in  their  action  on  the  skin  and  toward  chemicmb.  ^" 

In  the  manufacture  of  medicated  soaps  the  plan  tblhjwed  i&  i 
tical  with  that  prei^cribed  on  page  373  for  ointoienta.  The 
agent  is  iinst  intimately  mixed  (either  in  the  fortn  of  solutioo  ori 
palpably  fine  powder)  with  a  §niail  portion  of  the  stiperfiuiied  cia 
by  means  of  suitable  apparatus,  whir*h  mixture  is  lbe&  added  to  warn 
a  further  quantity  of  the  same  vehicle  as  may  1^  ueceBiiary  fa  ertidK 
liah  the  required  percentage  strength  of  the  finished  prodocC  AiMn| 
the  various  medications  of  superiatted  soaps  are  tar  5  peroent*,  foC 

thur  10  per  cent.,  salicylic  acid  5  per  cent.,  borax  5  per  aeaOL,^  cmr- 
olic  acid  5  and  10  pc^r  c^nt.,  corrosive  subliEnate  ^  and  j  per  coly 
camphor  5  per  cent.,  and  others. 

Official  Soaps.  The  Pharmacopoeia  recognises  two  Tmrieiicff 
of  soap,  one  by  the  general  name  soap  (Latin,  9afo)  and  lite  other 
by  the  general  name  soft  soap  (Latin,  sapo  motlis).  The  firM  b  in- 
tended to  be  a  hard  soap  made  from  olive  oil  and  soda,  as  already 
explained.  When  fre«h,  or  if  kept  in  a  damp  cellar,  it  usuallr  cuo- 
tains  a  large  proportion  of  water,  most  of  which  is  lost  by  drytng 
in  a  warm,  aity-  room  and  all  of  which  can  be  expelled  at  a  temper^ 
atnre  of  110^  C.  (230°  F.).  White  casUle  soap,  the  kind  oaSdafly 
recognized,  usudly  contains  a  slight  excess  of  alkali,  which  sbooM 
not,  however,  exceed  1  per  cent,  of  stidium  carbonate  or  0*25  p9 
cent,  of  sodium  hydroxide,  as  indicated  by  the  official  teat  with  j^ 
oxalic  acid  solution.  The  Pharmaeopceia  also  demands  tbe  ahaenor 
of  more  than  2  per  cent,  of  matter  insoluble  in  water. 

The  S4)rt  soap  of  the  Pharmaeopceia  is  directed  to  \Mi  made  by  tlit 
action  of  potassa  on  linseed  oil.   Commercially,  it  is  p  "    knowa 

as  ^reen  soap,  which  was  formerly  also  the  official  titl<  .lor  i% 

however,  by  no  means  green,  beino;  yelluwish-brown.  On  aocoimt  of 
the  unsightly  appearance  and  disagreeable  odor  of  the  offieml  nrt^nn^r* 
ation,  the  use  of  olive  in  place  uf  linseed  oil  has  been  ree«i  tl, 

yielding  a  moi*e  satisfact4>ry  product.  The  value  of  the  ' 
soap  is  jwrtly  due  to  its  greater  alkalinity.  In  the  Germai 
copcda  this  soap  is  known  as  sapo  ka/imis. 

licad  plaster  is  sometimes  spoken  of  as  lead  8oap,andf  in  its  maniK 
facture*  a  procc^ss  similar  to  that  used  tor  the  official  bard  soap  ii 
a»ploye<l,  finely  divided  lead  oxide  being  allowed  to  actnpoo  hcitid 
olive  oil,  in  the  presence  of  water,  forming  lead  olcate  (oleopalooi- 
(ate)  and  liberating  glycerin,  which  latter  Is  removed  by  aafaaequest 
wasniug  with  warm  water.  The  use  of  water  is  essential,  as  it  not 
only  keens  the  tem|)ernture  ilown  to  that  of  lK>iling  water,  thus  pm> 
venting  aecomposition  of  the  olive  oil  at  a  higher  beat,  but  also  very 
■lateriaUv  aids  in  the  reaction  between  the  oil  and  lead  oxide,  m 
Aomn    by    Uie    equation,    2C,H,(C„H«0,)5,  +  SPbO  +  8Hp  := 
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SPIXCiJIjjO,)^  +  2C3HiOH),.  The  finmliecl  pnxiuct,  which  is  a 
normal  lead  oleate  iijixed  with  small  quant i ties  of  lead  palmitatey 
owing  to  the  palinitin  in  the  olive  oil,  ahould  not  be  sticky  or  greaay 
to  tlie  touch,  and  >^hou!d  diasulve  completely  in  warm  oil  or  turi)en- 
tint*,  showinii^  the  abt*i^nfe  of  free  oil  and  uneombineii  lead  oxide. 

The  name  diat*[iyhm  plaster,  which  is  still  appli«?d  to  lead  plaster, 
was  given  to  it  during  the  middle  ages,  when  mucilage  of  linseed, 
ahluea  and  similar  substances,  was  adde<l  to  the  mixture  before 
healing,  with  the  view  of  retarding  the  evaporation  of  water  and 
iHKssibly  al«j  to  increase  the  plastic  condition  of  the  finishes!  prwluct. 
The  term  diachylon  is  derived  from  the  Greek  w*ords  Sed^  through 
or  with,  and  jf^/fJC,  juice. 

Glycerin.  As  already  stated,  the  basylous  radical  found  in 
nearly  all  fats  and  fixed  oils  is  glyceryl,  the  hydroxide  of  which  ia 
glycerin,  CjH5(OH)3,  a  triatomic  alcohol.  Its  manufacture,  on  a  com- 
mercial scale,  has  been  explaiiietl  on  jjage  195,  While  glycerin  is 
unaffected  by  cold  nitric  or  sulphnric  acid  8ej>arately,  a  mixture  of 
the  two  acids  forms  with  it  a  definite  chemit^l  compound,  glyceryl 
or  propenyl  trinitrate,  0jH5(NO^),i,  commonly  but  wrongly  called 
nitroglycerin  and  also  known  as  glonoin  and  tnnitrin. 

Glyceryl  trinitrate  is  prejwirccJ  by  adding  a  mixture  of  100  {)art8 
of  anhydrous  glycerin  and  3  parts  of  sulphuric  acid  8j)ec.  grav. 
1.885,  gradually  and  in  small  portions  at  a  time,  to  a  w"ell*cJiilled 
mixture  of  280  parts  of  nitric  acid  spec.  grav.  L5,  and  300  parts  of 
sulphuric  acid  spec.  grav.  1.835,  the  vci^sel  being  kept  surrounded 
by  ice.  This  mixture  is  afterward  pwured  into  six  times  its  volnme 
of  cold  water,  washed  free  from  acid,  and  finally  drie<l  over  sulphuric 
acid.  The  reaction  may  be  illustrate^!  as  follows:  CjHj(OH)j + 
3HNO,  +  H,S(\  =.  C;H^(N0,)3  +  3n.O  -f  H,S(),,  the  sulphuric 
acid  simply  SiTving  to  withdraw  the  water  eliminated  in  the  forma* 
tion  of  the  compound  ether. 

The  product  is  a  slightly  yellowish,  oily  liquid,  insoluble  in  water 
it  soluble  in  alcohol.     It  has  a  sweet,  aromatic  taste,  and  is  very 
|K>ison(>U8, 

In  the  form  of  al  percent,  alcoholic  solution,  glyceryl  trinitrate ia 
recogni/A^^l,  in  the  Plmrmat^>pa?ia,  as  Spirit  of  Glonoin  ;  tablet  tritur- 
atis  and  chocolate*  tablets  containing  0.00065  and  0.0013  Gm.  {j^ 
and  ^  grain)  of  glonoin  each  are  also  used  by  ph^niioiana ;  mixed 
with  three  parts  of  infusorial  earth  (kicselguhr),  it  oonatitutea  dyna- 
mite, a  well-known  blasting  agent. 

Petroleum  PRontrcrs,  Pharmacseutically  closely  alli<»d  to  the 
fats,  btJt  chimiii'ally  entirely  distinct  are  those  mixlurcii  of  hytlro- 
carlKins  i>f  the  i»aratlin  series  obtained  by  purification  of  the  rcsid- 
num  from  the  «listiilation  of  American  petn»Ienm.  They  are  r^ecog- 
nisEe^l  in  fhe  PharniatH>pffiia  by  the  name  **  Petrolatum/*  in  thri-e 
varietiet?,  ms  liiiuid,  Aoit,  and  hard  ;  a  t»till  firmer  variety  is  reet^uixed 
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• 
in   the  British  and   German   Pharmacopoeias  as  ''hard  paraffin." 
These  substances  are  fat-like  in  appearance  and  extensively  employed 
as  vehicles  for  the  application  of  numerous  remedial  agents;  commer- 
cially they  are  known  as  vaseline,  cosmoline,  albolene,  petrolina,  etc. 

The  existence  of  petroleum  in  the  earth  has  not  as  yet  been  satis- 
factorily explained ;  several  theories  have  been  advanced,  the  most 
acceptable  of  which  is  that  petroleum  is  the  result  of  dissociation  of 
large  quantities  of  fatty  matter  (derived  from  marine  animals),  while 
unaer  long-continued  pressure,  at  a  moderate  temperature,  with  en- 
tire exclusion  of  air. 

American  petroleum  consists  of  a  mixture  of  hydrocarbons  of  the 
fatty  or  marsh  gas  series  from  methane  upward  to  those  richest  in 
carbon,  together  with  small  and  varying  proportions  of  aromatic 
hydrocarbons.  Upon  subjecting  the  crude  petroleum  to  a  refining 
process  by  fractional  distillation,  benzin  or  naphtha,  illuminating 
oils,  and  a  residuum  largely  composed  of  paraffins  are  obtained.  All 
fractious  are  then  further  purified  by  treatment  with  sulphuric  add 
and  subsequently  with  alkalies,  after  which  they  are  subjected  to 
further  fractional  distillation.  The  benzin  recognized  in  the  Phar- 
macopceia  also  as  petroleum  benzin  or  petroleum  ether,  is  collected  be- 
tween 50°  and  60°  C.  (122°  and  140^  F.)  and  should  be  free  from 
sulphur  compounds.  Its  chief  components  are  the  hydrocarbons, 
pentane  (C5H12),  and  hexane  (CgHiJ.  Official  benzin  is  a  valuable 
solvent  for  fats,  caoutchouc,  and  some  alkaloids,  and,  as  such,  is  exten- 
sively employed ;  it  must  not  be  confounded  with  benzene,  C^H^,  a  coal 
tar  derivative  (see  page  555).  Benzin  is  highly  inflammable,  and  its 
vapor,  like  that  of  ether,  is  explosive  when  mixed  with  air  and  ignited. 

Upon  distilling  the  purified  residuum  from  the  crude  petroleum  at 
higher  temperatures,  "  paraffin  oils  "  are  obtained  together  with  a 
residue  of  pitch.  These  paraffin  oils  are  filtered,  while  hot,  through 
freshly  burned  bone-black,  for  the  purpose  of  removing  odor  and 
color,  and  then  subjected  to  distillation  until  the  desired  consistence 
or  melting-point  of  the  residuary  portion  is  obtained.  The  three 
official  varieties  of  petrolatum  differ  from  each  other  simply  in  the 
graded  removal  of  lower  hydrocarbons. 

Petrolatum  is  not  saponifiable  and  not  subject  to  rancidity.  It 
properly  purified,  it  consists  only  of  hydrocarbons,  which  are  not  af- 
fected at  all  by  cold  acids  and  alkalies  and  only  slightly  by  hot 
acids ;  hence  the  name  paraffins  has  been  given  to  the  products,  from 
the  words  pat^m,  too  little,  and  affinis,  allied,  on  account  of  their 
lack  of  affinity  for  other  substances. 

Hard  paraffin  is  obtained  partly  as  a  residue  from  the  above- 
mentioned  paraffin  oils  and  also  largely  by  the  purification  with  sul- 
phuric acid,  etc.,  of  ozokerite  or  mineral  (earth)  wax.  It  occurs  as  a 
wliite,  crystalline,  odorless,  wax-like  body,  having  a  melting-point 
varying  from  65°  to  80°  C.  (149°-174°  F.),  according  to  its  source. 
Ceresin  is  a  yellow  variety  of  purified  earth  wax,  often  used  to 
adulterate  yellow  beeswax. 
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VOLATILE  OILS  AND  RESrNS* 

Voi.ATri.E  oils  form  a  very  important  class  of  i)harmac<>utical 
plant  nnxliK'ts.  Their  physical  pro|wrtie8  aud  the  mode  of  obtaining 
them  nave  already  been  fully  considered  on  {lages  196-204.  Chem- 
ically, volatile  oils  differ  radically  from  fats  and  fixed  oils^  as  they 
are  not  capable  of  saponification  and  ctmtain  no  glycerin*  Moreover, 
by  exposure  to  air,  they  undergo  resinification,  but  do  not  bt»come 
rancid.  They  may  be  sai<l  to  consist  of  hydrocarlwns  of  the  aro- 
matic series,  usually  associated  with  oxygen  derivatives,  alcohols, 
aldehydes,  compound  ethen*,  aeids,  ketones,  and  phenols.  While 
some  volatile  oils  are  complex  mixtun^s,  others  are  of  very  simple 
composition.  The  hydroc^rlx)ns  found  in  volatile  oils  all  belong  to 
one  of  the  following  groups  :  terjienes  of  the  composition  Cj,,Hij, 
which  include  pinene,  campliene,  dextrorotatory  limonene  (known 
also  as  hcsperidine,  citrcoe,  or  carvenc),  Ifievorotatory  limonene,  dip- 
entene  or  cinene,  sylvestrene,  and  pliellamlrene;  sesonileqienes  of 
the  composition  C,^1L| ;  diterp4*nes  of  the  comi>08itioD  C^Hn; 
polyterpenes  of  the  compof?ition  (Ci^Ii,^).x 

Chemists  must  rely  largely  ujxhi  fractional  distillation  for  repara- 
tion of  the  different  constituents,  in  addition  tu  which  the  examina- 
tion of  volatile  oils  is  materially  aided  by  determination  of  their 
optical  rotation  by  mcan^  of  the  [)olarascopc,  as  explained  on  pages 
512-514  of  the  Pharmacopoeia, 

The  behavior  of  volatile  oils  with  acids,  alkalies,  and  other  re- 
agents must  naturally  vary  gR*atly,  owing  to  the  diversity  in  their 
constitution,  Tfiose  oils  composed  almost  wh<»lly  of  ter|^ienes  form 
either  solid  or  liquid  (*omfK>Mnii<*  with  hydrot^hloric  aciiK  Other  oils 
are  oxidi^sed  and  converted  into  resin-like  bodies  by  nitric  acid,  while 
dulphurtc  acid  thickens  some  volatile  oils  and  completely  chars  othei^. 
Color  reactions  also  o<H?ur  between  some  of  the  oils  and  sulphuric 
and  other  acids*  Alkali  carbonates  ai*e  witliout  much  effect  on  vol- 
atile oils  unless  the  latter  contain  acids,  but  alkali  hydroxides,  in 
both  aqueous  and  alcoholic  solution,  are  more  active,  removing 
phenols,  saixmifying  compound  ethers,  etc.  Acid  alkali  sulphites, 
when  addoci  to  volatile  oils  containing  aldehydes,  combine  with  the 
latter  to  form  crystal  line  comiM>unds*  Iodine  reacts  violently  with 
aome  oils,  and  bromine  forms  crystal  I  izable  tetrabn>mides  with 
others. 

The  study  of  the  chemistry  of  volatile  oils  is  a  very  comprehen- 
sive subject,  and,  while  a  full  treatment  thereof  cannot  be  attempted 
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in  this  book,  the  pharmacist  of  to-day  should  at  XeaBi  br 
familiar  with  the  constituents  of  the  otfioial  volatile  aiU,  n» 
bv  investigations  made  during  the  past  decade,  whereby  our  knowl- 
edge of  the  subject  Jtas  been  so  greatly  enriched.  The  Deteriffkce 
Catalogue  of  EsHaitial  Oik^  compiled  by  Dr.  F.  B-  Pawer»  18W, 
gives  probably  the  most  complete  in  formation  to  be  hafl  in  the  Eag* 
li.sh  language,  at  the  present  time,  n^rtling  recent  del er mi iialkwwn 
the  composition  of  volatile  oils.  (Tlie  author  19  indebfed  (o  thi| 
publication  for  many  valuable  data,  abstracted  by  permi^aioD  of  %h 
compiler.) 


The    Official  Volatile  Oils. 

Oil  of  ^nwf.  The  chief  constituent  of  this  oil,  90  per  iwot  ai 
over,  is  anethd^  CjH^OCHjCjH^,  which  solidifies  at  low  tecnpfr- 
atur^  and  is  acxx)mpanied  by  an  undetermined  liquid  pcirtioo,  prob» 
ably  a  terpene. 

Oil  of  Bergamot.     The  constituents  of  this  oil  are  the   tcrpft»<'*, 
limonene,  and  dii)entene,  an  alcohol,  lioalool,  C^H^^OH,  and 
ester,  litmloyl  acetate,  also  known  as  bergamiol,  CmHuC^H^O^.  Th 
ester  is  usually  present  to  the  extent  of  36-89  per  cent,.     -   '     tviqi 
depends  the   value  of  the  oil;  it  is  determiue<l   quan 
saponification  with  smlium  hydroxide,  as  in  the  case  of  i^lb^r 
pound  etijers. 

Oil  of  Betula^  also  known  as  oil  of  sweet  birch,  eooatltattt  pmb^ 
ably  the  bulk  of  the  commercial  oil  of  wintergreen.  Very  rmni 
investigations  (September,  1895),  made  by  Power  and  Kleber,  htvf 
shnwu  that  oil  of  sweet  binh,  in  its  uuneetified  state,  contains  about 
99.8  |ier  r*ent.  of  methyl  salicylate,  together  with  a  very  amall  aoiaiDil 
of  a  fmraffiQ,  triacontan,  C„,H^,  an  aldehyde  or  ketone,  and  theislff; 
C^^H^d^  ;  it  does  not,  however,  contain  the  alcohol  C||H,^0,  fanwi 
in  oil  of  gaultheria.  The  otl  is  always  optically  inactive,  and,  wbdi 
rectifies!,  would  approximate  so  closely  to  pure  methyl  salieyl 
conipositiou  as  to  be  practically  identical  with  it.  The  specific  [ 
of  oil  of  8wa»t  birch  is  idcntii-al  with  that  of  the  uatunil  ciil  of  ^ 
preen  and  like  the  hitter  the  oil  forms  a  clear  solution  with  ^ve  lit! 
its  volume  of  70  per  cent,  aloohol  at  a  temperature  of  20**~25®  C 
(68=^-77^  R). 

Empyrcumatic  oil  of  birch,  known  ooraraercially  as  o/mm  riMci 
and  alsi  >  as  oleum  MuHnuvi  or  oleum  mu^covitlrum,  is  obtainfd  bv  Jt*- 
tillation  of  birch  tar  or  daggeU^  derived  by  destructive  dktUlati%ia 
from  the  W(»od  of  the  i^onimon  European  bin!h,  tietnla  alt«i.  TIk 
oil  is  of  dark  brown-red  color,  having  a  |ke<'uliar  penetrating 
like  that  of  Russia  leather,  and  somewhat  resemblts  oil  of  cade  in  i 
nieil  ici  rial  pn  tperties. 

Oil  ff  liiUer   Almond,     This   oil   consists   of  beosBoic   aldelif 
CgHjCOH,  with  variable  pr<tjK>rlions  of  liydnn^vanic  acid,     li 
not   pri^^-J^xi^t   in    the  s«tJ,    but    in  prixlu<^»d    from  amygdalin 
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ft]tiC(»8id<'H)  hy  tiTmt'DtiUion  ^vt  up  in  the  prt^senet*  ot  \viui/r,  thug, 
C^jHj^NO^j  f2H,0  =  C,IVX)H  HON  f  2C,HjjO<,.  Exposed  to 
the  air,  the  oil  is  oxidized  to  iKni/oieaeid,  C^II^O,,  wliieh  ocvui-s  more 
rapidly  in  the  absence  of  hydrocyanic  acid.  The  official  test  for 
other  volatil*^  oilsan<l  nitrobenzene  depends  upoo  the  removal  of  the 
benzoic  aldehyde  by  means  (»f  acid  t>o4lium  sulpiute,  forminj^  the 
coraponud  C/lTjCOH.NaHSOj.  whicrh  enters  into  solution  by  the 
aid  of  heat.  Synthetii.^  oil  of  l)itter  almond,  ma^le  from  toluene  and 
purifitd  with  acid  sodium  snl[>bite,  is  now  extensively  sold. 

Oil  of  (hde,  obtained  by  destructiv^e  distillation  of  the  wood  of  the 
prickly  oedar,  a  speiMes  of  juniper  indigenous  to  the  southern  part  of 
France,  is  also  known  as  emptfrenmatic  oil  of  juniper ,  and  consists  of 
a  sesquiterpene,  cadinene,  CijlL^,  and  a  mixture  of  undetermined 
phenols. 

Oil  of  CoJHput,  The  chief  constituents  are  a  nentml  body,  cineol 
or  eucalyptol,  Ci^jH^gO  (about  G7  per  centA  an  alcohol,  terpineol, 
C|^H„OH,  antl  undetermined  terpenes.  The  commercial  article 
owes  its  green  color  to  copper,  as  may  be  shown  by  the  official  test ; 
^ifirbeD  redistilled  the  oil  is  colorless. 

Oil  of  Caraway  ih  *x>mjKJ6ed  of  a  terpene,  limonene.  C,,^Hi|,  and 
a  ketone,  carvol,  C,„U,|0  ;  Ixith  tx)mpouuds  are  dextrorotatory  and 
are  present  in  |>riiportions  varying  from  35  to  50  of  the  former  to 
65  to  50  of  the  latter. 

Oil  of  CSkenopodium^  also  known  as  oil  of  wormseed,  is  said  to 
contain  a  terjiene,  Ci^Hj^,  and  an  oxidized  binly,  C,pH|^0» 

Oil  of  CinmunoTU  Ordinary  oil  of  Chinese  cinnamon,  usually 
L designated  as  oil  of  camia,  is  the  kind  recognize<l  in  the  Pharmaco- 
pceia*  It  consists  chiefly  of  cinnamic  aldehyde,  CjH^COH,  with 
some  cinnarayl  acetate,  C^H^C^HjOj^  and  small  amounts  of  cinnamic 
acid,  CjHgOj,  The  value  of  this  oil,  which  is  sul»ject  to  adultera- 
tion, may  be  determined  by  means  of  a  c(mcentnited  solution  of 
.acid  siMltum  sulphite,  the  cinnamic  aldehyde  unitinj^  with  the  alkali 
lit,  leaving  the  other  constituents  intact ;  the  oil  should  hise  at 
lliat  ill ree- fourths  of  its  volume  by  this  treatment,  showing  the 
presence  of  75  per  cent,  of  the  aldehyde.  A  characteristic  reaction 
of  oil  of  cinnamon  is  the  formation  of  a  crystalline  compound  with 
nitric  acid  when  equal  volumes  of  the  oil  and  acid  are  mixed  at  0^ 
C.  (i2^  F.) ;  tlie  product  is  an  addition-compound  of  cinnamic 
aldehyde  and  nitric  acid,  C^HX'OHIINO,.  Oil  of  Ceylon  cinnamon, 
which  has  a  finer  aroma  than  the  offi«ial  oil,  contains,  besides  cin- 
namic aldehyde,  some  eiigenol  and  pbellandrene* 

Oil  of  Olovfn,  The  chief  constituent  of  this  oil  is  eugenol,  C|H|. 
CjHj.OCHj.OH,  a  monatomic  phenol,  which  is  present  in  prime  oil 
to  the  cxtcut  of  from  80  to  90  p«T  cent,  and  over;  In^sides  this,  the 
oil  also  t*outains  a  ses^juit-erpine,  Cj^Iij,*  f-alled  caryophyllene.  The 
reaction  with  pola^^iiim  hydroxide  or  ammonia*  mcntione<I  in  the 
PImrumtiopfpia,  dejK'uds  upon  the  formation  of  potansium  or  ammo* 
Dium  eugenol,  C^.HuO.OK  or  Ci,lT,iO.ONH,.     The  value  of  oil  of 
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cloves  lies   wholly  in   liu^  i-ugi'iiol    present^   bencv   tli  ntnif 

determination  of  this  body  is  the  i)est  methmi  for  v .  of  lb« 

oil.     By  eouvertiiitij  the  eugenol   into  crystal  line  Ix  if^cwl^ 

Cj„Hi,OCflH/X>2,  l>y  means  of  Ijenzoyl  rhloride,  C^IT  ttB  fnf* 

gested  by  Tlioois  (see  Amer,  Journal  Pharm.^  189*2,  p.  *^0H)^  tbe  jrx* 
oeotage  of  eugenol  in  any  sample  of  oil  may  l>e  ealeu luted  frooi  lb» 
weiglit  of  the  new  compound  obtained. 

01/  of  Copaiha  cNjusists  ehiefly  of  a  ses€|uiterpene,  Cj^Hj^,  tili^iinil 
with  that  found  in  cloves  and  known  as  caryophyllene.  It  m  rtmiilt 
oxidized  by  exposure  to  air. 

Oil  of  Coriander  is  composed  of  a  terpene,  pioenef  C„H|^  and  .^.n 
alcohol,  linalool,  Cj^Ilj^OH. 

Oil  of  Oubeb,  The  eomposition  of  this  oil  varies  somewlmt  wiwi 
age.  Kecent  oil,  distille*!  trom  fresh  fruit,  amsists  chiefly  of  a  §i»- 
quiter|>ene,  cadinene,  C^jHj^,  with  some  diprntene,  C,yR,|„  but,  if  old 
or  obtained  from  old  fruit,  culieb  camphor,  C,  Ji.^,HjO,  is  alati  pn»eiiL 

Oil  of  Erigeron^  better  known  as  oil  of  fleafmne,  oonsists  cbietlT 
of  dextrorotatory  limauene,  C,^,Hi^,  together  with  an  tiDdeteruuiicd 
substaoee  readily  decomposed  by  he*at. 

Oil  of  Eucatyptus,  Tl»c  composition  of  this  oil  depeiwk  largplj 
on  its  source.  The  oils  of  Eucaly|)tas  globulus  and  K,  oli*cHa, 
whicfj  are  sjjecially  mentioned  in  the  JPharmacopana,  coosist  diieflj 
of  cineol  or  eut^lyptol,  Cif,H(^0,  a  neutral  lx*dy,  to  which  lliey  owe 
their  medicinal  and  antiseptic  virtues;  the  first  named  oil  ui>fitatai 
also  pinene  and  small  amounts  of  various  aldehydes,  while*  tl>e  Imst 
named  contains  an  aldehyde  kuown  as  cumint4,  C^Hj^.COH.  The 
official  test  for  the  presents  of  t*onsiderable  quantities  *^  tn- 

drene,  d*.»pendiug   upon   the  formation   of   crystalline  ph  rot 

nitrite,  CioHj^NjOj,  can  lye  made  more  deli<jate,  ae^Mjrding  to  Powft, 
by  mixing  the  oil  first  with  5  Cc.  of  petroleum  bf*!'--"  'hm 
adding  the  sodium  nitrite  solution,  and  lastly  the  glacial  J, 

drop  by  drop,  with  vigorous  agitation  after  each  additi<jn.  >x»me 
eu(«lvptU8  oils  contain  also  citral  C\^Hi|0,  citronellal,  C,,^U„0,  and 
gemniol,  C,„H,,OH. 

Oil  of  Fennel,  This  oil  contaim  the  ter^iene^s  ptocne*  phelbui* 
drene,  and  dif^entene,  together  with  feuchoue,  C|(,Hj/J,  and  aocttitil, 
C|^HijO ;  tlie  latter  is  usually  present  to  the  extent  of  more  than  W 
per  cent  and  separates  in  crystals  upon  a  reduction  of  the  temper* 
atuiY%  lance  the  higher  the  temiierature  at  which  thia  ooeiiiB,  the 
better  the  oil. 

Oil  of  GaiUtherta,  The  true  oil  contains,  ac'conling  to  Power  and 
ICJeber  (Septembt^r,  1895),  alx)nt  99  j^er  cH*nt,  of  methyl  sal tcy late, 
togetlier  with  a  small  amount  of  a  paraffin,  probably  tnacontaji^ 
^»I^^«j«  «o   aldehyde   or   ketone,  an  apparently    siVi-  *  iloobo!, 

CgH^jO,  and  an  ester  Cj^HjjOj,  thus  resembling  oil  t   btrdi 

very  **lo8<,^iv  in  eomi)o«ition.  It  has  a  9j>ei»ific  gravity  of  from  1J80 
to  1.187  at  15^  a  (59°  F.),  and  yields  a  clear  solution  wKrn  mixed 
with  five  tiraea  its  volume  of  70  per  cent,  alcohol  at  a  ten]{iemttin*  ^  '^ 
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>m  20*^  to  25**  a  (68°-77**  F.).  Neither  oil  of  gaultheria  nor  oil 
of  sweet  birch  contains  any  trace  of  benzoic  acid  or  its  e^tere,  nor 
does  either  oil  oontain  any  terpene  or  sesquiterpene,  as  was  at  one 
time  supposed. 

Pure  fresh  oil  of  wintergreeo  (gaultherin)  always  deviates  a  ray 
of  {K>larixeil  light  to  the  lef>«  iiud  this  deflection  should  not  be  less 
than— 0^  25'  iu  a  100  Mm.  tube. 

Oil  of  HetJmma,  Acconling  to  Kremere,  this  oil  contains  pule- 
gone,  C,yHj/>,  and  two  ketones  of  the  com|)iiiiition  CjoHi^O,  which 
are  looked  upon  as  rediietion-prodncts  of  the  former  body.  Formic 
and  acetic  acids  are  also  present.  Commercially  tliis  oil  is  known  as 
oil  of  pennyroyal. 

Oil  of  Jumper  ccmsists  cliiefly  of  pineue  with  some  cadinene, 
CjsH.^,  and  a  Uxly.  as  yet  undetermined,  to  which  the  peculiar  odor 
and  ta.%te  of  the  oil  are  due.  The  oil  obtained  from  the  fruit  only 
should  l)e  used  iu  pharmacy. 

Oil  of  iMvrnder  Flmoef*s,  This  oil  contains  two  alcohols,  linalool^ 
CjjHjyOH,  and  geraniol,  C|j,n,^OH,  a  compound  ether,  linaloyl  ai-e- 
tate,  CjoHjyCjHjO,,  and  some  cineoK  The  value  of  the  oil  resides  iu 
the  com|K)und  ether,  which  h  present  to  the  extent  of  30  or  36  per 
cent.,  and  may  be  determined  by  saponification  with  sodium  hy- 
droxide 

Oii  of  Lemon  contains  dextrorotatory  limonene^  gome  pinene,  and  7 
to  8  per  cent,  of  an  uldpljyde,  cilral,  CioH,gO,  t^i  which  tlie  character- 
istic  odor  of  the  oil  Is  due  ;  a  small  amount  of  eitronellal^  C|oHj|0, 
is  also  present. 

Oil  of  MuMard,  Volatile.  Like  oil  of  bitter  almond,  this  oil  does 
not  pre-exist  in  tlie  plant ;  it  in  obtaine<i  by  macerating  crushed  black 
mustard  seed,  after  the  removal  of  fixed  oil  by  expression,  with 
water,  wlien  a  reaction  sets  in  l)etween  aifligrin,  a  glncoside,  and  niy- 
rosiuj^an  albuminoid  IxKly.  SinJ^rin  is,  chemically,  potassium  my^ 
ronate^  C,„H,gNSjKOj^^,  which,  under  the  influence  ot  the  albumin- 
oid ferment,  is  split  up  into  allyl  iso*>nlphoi*yanatc,  acid  potassium 
sulphate,  anri  i^liKH>se,  thus  :C,^Hj^NS,KOirt— CJljCSN  (volatile  oil  of 
mustard)+KHS<)4  +  C\Hj.Oj.  Simx*  the  albuminoid  rayrosin  is 
rendered  inert  at  a  tein|>erature  lietwi^en  60"  and  70^  C.  (140''  and 
158**  F.),  mustard  which  ha^  been  heated  to  this  point  will  not  yield 
the  volatile  oii,  nor  c^n  hot  water  \ye  employed  in  its  manufacture ; 
for  the  same  reasou,  mustanl  plasters  should  never  be  dipped  Into 
water  that  is  more  than  lukewarm. 

Volatile  oil  of  mustard  always  contains  traces  of  carbon  disnU 
phide.  It  has  l>een  prepared  synthetically  by  decomposing  allyl 
to<lide,  CjHJ,  by  means  of  iM>ta8sium  sulphocyanate  in  alc«>holic 
solution. 

White  mustard  seed  does  not  yield  volatile  oil  of  mustard,  since  it 
does  not  contain  sinigrin,  but  instead  sinalbin,  having  the  composition, 
CjjHi^NjSjOji.  When  sinalbin  reactE  with  myrosin  in  the  presence 
of  water,  a  very  active,  oily  but  non-v^olatile  principle,  to  which  the 
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name  acrinyl  Rulphooyanato,  O7ILO.CSN,  has  li 
t<jj^ther  with  and  sinapioe  sulphnte,  (Cj^HjjNO. 

The  official  metlind  of  valuation  depends  a|»oa  the  ihr^^^ 
crystalline  compound,  thiosinamine^  by  the  w^tiort  of  ; 
the  oil  of  muataixi,  thus:  C^H^CSN+NHs^C  ■'    '^"^  ^ 
08.87  parts  of  the  oil  yiehJ   115,88  parts  of  t 
cannot  yield  more  than  3.51  Gm. 

Oil  of  3Ij/rcia,  A  complete  analysis  of  thia  oil,  aUo  kn 
bai/f  recently  made  liy  Power  (March,  1895),  has  shown  it  to  lie  1 
rather  complex    composition,   Cimtainiug    two    ter|>eii«i,    myr 
Cjf^Hi^,  and    phellandrene,  Ci^jIIi^,   two    phenols,   eugenal,    CM^ 
C,H,X)CH3.0H,    and     dmvicol,    CJIAHaOH,    methvU 
C6H,C,H,(OCH3)„  mcthyl-chavieol,  C,H,(\,H,OCHj,,  and  one'M 
hyde,  eitral,  C^^^Hj/J.     Tlie  chief  const itnents  are  engenol  and  mrr* 
ceuc  ;  the  latter  is  very  unstable  and  readily  changed  into  the  pjf^ 
meric  ditcrpene  Cj^jHgg,  which  explains  tfie  incomplete  aolutioa 
the  oil  in  alcohol,  except  in  the  wi^e  of  freshly  dii^tillcd  oil. 

Oil  of  Nutmeff  consists  chiefly  of  pinene  with  prol^nldy  icorn**  di|Klb' 
^tiaej  it  contains  also  myristiiiol,  C^,jH,gO,  and  I  ,0|. 

Oil  of  Orange  Flowers^  also  known  as  oil  of  f  coo*, 

sist  of  40  per  cent,  of  nerolyl  acetate,  C^,Ji^X'^H/.J,  ^0  p&r  ocoL 
a  Iffivorotatory  alcohol,  nerolol,  CijHj^OlI,  20  per  c^at.  of  Itfi 
and  some  ^;craniijl. 

Oil  of  Orange  PecL     Both  the  oil  derived  from  the  j>ci*l  of  riittf 
omui^  and  that  derived  from  the  sweet  oratt;^e  are  officially  r»<>'^- 
nize<l  and  show  the  same  s-iw^cific  gravity  and  optical  rotation,    TKry 
consist  cfiieily  of  limonene  with  small  proportions  of  citral  and  %- 
lower  boiling  aldehyde.  I 

Oil  of  Pepi^ermint,  There  is  probably  no  volatile  oil  used  in 
pharmacy  of  which  a  greater  variety  is  offered  for  sale  ;  beAtds  fifi 
or  six  different  brands  of  American  oil,  oils  distilled  from  E!o|^isk| 
German,  and  Japane>ic  peppermint  herb  are  also  on  the  imrkeL 
Oil  of  pepi^R^rmint  shows  a  greater  complexity  in  cx)mpositioD  lb»B 
any  other  volatile  oil  known,  a  recent  analysis  (1894)  by  Powt*r  isfl 
Kleber  of  average  American  oil  having  developed  the  following  ooii* 
etitnents,  fifteen  in  number:  Acetaldehyde,  CMfi; 
IlC^H^Oj ;  iso-valeraldebyde,  CftH^jO ;  isovalerianic  acid , 
three  isomeric  terpcnes,  pinene,  phellandrene,  and  liraoncm%  C'^,,Hm| 
cincol  or  eucalyptol,  Cn,H,gO  ;  meuthone — a  ketone — ^^„H„Oj 
menthol,  0,^,11^,0  H;  two  ccmiponnd  ethers,  meuthyl  ai^HAte 
CiylljjjCjlI^O,,  and  menthyl  iso-valeriante,  Cj^Hj^C^H,/), ;  a 
ter|M*nc,  (»adinenc,  Ci^H.^.^ ;  and  a  lactone  of  the  com[>asitioii  Cy 

The  most  irtiportunt  constituent   is  menthol,  <it   which 
6honld  contain  at  least  50  per  i-QoU,  jmrtly  in  a  free  state  and  ^ 
in  the  form  of  esters ;  such  oil  will  readily  res|Hmd  to  the  ofic 
lest  in  a  freezinpr  mixture.     Japanese  oil  of  peppermint,  altboQ|;ii^ 
rich  in  menthol  (sometimca  containing  79  per  t?ent.),  m  not  a«wi 
medicinally,  on  aooount  of  itd  peculiar  bitter  aod  disagreeable  tiite. 
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Oil  of  i^eppermint  <Iiffers  from  other  oils  iij  the  variety  of  its  color- 
reactions  with  acids,  m  nieotioued  in  the  Pbarmacopceia. 

OH  of  Fimenta  or  Oil  of  Alkpice  closely  resembles  oil  of  cloves  in 
its  constitution,  but  han  a  lower  specific  gravity.  It  contains  eugenol| 
CJIjCjlI^^OCHpH,  and  a  8esc|uittri>ene,  C^H^,, 

Oii  of  lim€.  This  oil  i^bows  a  marked  difference  in  constitntioo 
from  other  volatile  oib,  in  tfiat  the  solid  crystallizablc  pt»rtion  t^m- 
sists  S4ilely  of  a  mixture  of  mlorless  hydronirbons,  one  of  which  has 
the  composiiion  C^yli^^*  The  lic|iiid  portion  of  the  oil,  n|>on  which 
ltd  fmgrance  depends,  is  a  mixture  of  geraniol,  C\„H(jOH,  with  a 
small  quantity  of  one  or  more  undetermined  ftubstances  of  honey- 
like odor ;  it  has  l^een  called  rhodinoK  The  test  jjiven  in  the  Phar- 
macopreia  for  the  presence  in  oil  of  rose  of  Tiirkisli  oil  of  geranium 
and  oil  of  nise  geranium,  can  be  made  more  effective  by  using  5  Cc. 
of  alcohol  instead  of  2  Cc.,  as  officially  directed. 

Oil  of  Rosemarif  !s  composed  of  pinene,  cineol,  C|oH,,0,  l)orneol, 
CjoHj^OH,  and  (tmipbor,  <_\)II|7*>H,  The  finest  corDmercial  variety 
is  that  distilled  from  the  Howerni  and  known  as  the  '*  Eperl^ ''  i)rana. 

Oil  of  Santa!.  The  official  or  East  Indian  oil  of  sandalwood  is 
Baid  to  contain  a  btnlv  called  santalal,  Cj^ir^^O,  and  an  alcnholic 
substance,  sautalol,  Cj^H^^O,  boiling  at  300*^  C,  (572*^  F.)  and 
310**  C.  (590*^  F.)  resi>ectively.  Inferior  oils,  produce*!  in  Aus- 
tralia and  the  West  Iniiies,  are  all  dextrorotatory,  while  the  official 
oil  is  hte^vorota^ry.^  Oil  of  ceilarwood  and  fatty  oils  are  readily  de- 
tectiHT"by  imperfect  solubility  of  the  oil  in  tea  volumes  of  70  per 
cent.  alt-ohoL 

OH  of  Sa^afrojt  consists  chiefly  of  saffol^  CigH„jO;,  with  a  very 
small  amount  of  eugenol  and  a  dextror^tftijai^*  hydrocarbon,  Cn,H,^, 
<m]led  safrene,  probably  identit*aT  witfipineoe,  Safrol,  at  ordinary 
temperatures,  is  a  j>erfectly  coIorles8  liquid  of  1,108  s|xx*ifie  gravity 
at  15^  Q  (59°  F.);  it  is  also  found  in  Japanese  camphor  oil,  from 
which  it  is  now  largely  obtained.  Commercial  artificial  oil  of  sassa- 
fras is  nolasyntljetic  pro<luct,  but  probably  made  from  camphor  oil. 

Oil  of  Sfwin  contains  pinene   and  the   sesquiteri^ene,  cadineiie, 

Oil  of  Sp&imunt  differs  radically  in  its  composition  from  oil  of  |>ep*    I    a  , 
permitit,  (Containing  Ijevorotatory  limooene  and  Itevorotatory  oarvol,    ^^-^ 
C,^H,4(>,  with  jwssibly  some  lievorotatory  pinene. 

Oil  of  Tat,  This  oil,  formed  during  the  dry  distillation  of  wood, 
16  obtainetl  from  pine  tar  by  fractional  distillation.  It  is  a  complex 
mixture  of  hydrocurlKms,  aoetic  and  otljer  acids,  and  undetermined 
empyi*enmatic  prtKlucts. 

Oil  of  Tkiime.  The  most  im|>ortant  oonstitiient  of  this  oil  ia 
thymol,  C, JIijOH,  a  monatomic  phenol ;  tlie  hydrt>carbon  cymetie, 
CuH|j,  is  also  present,  as  well  as  very  small  quantities  of  bornyl  es- 
ters. Id  some  oils,  thymol  ia  entirely  replaced  by  ita  isomer,  carva- 
crol,  whilst  in  others,  both  phenoU  are  found  present  in  equal 
amounts. 
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Oil  of  Thirpentme.  The  offirJal  oil,  derived  from  Amenc^o  tnr 
tine,  consi^'ts  almost  wholly  of  dextrorotatory  piiicnt%  which^  in 
crude  oil,  is  associatec]  with  resin  and  other  oxidation-prodiji^ts  de- 

fending  upon  age  and  exposure.  These  irnptirities,  lK*ing  immovable 
y  treatment  with  Ume  water  and  sulmeiiitent  distillattuDy  arc  thtt^ 
fore  not  present  in  the  official  rectified  oil,  which  aluue  should  be  «i«i- 
ployed  for  internal  use. 

0//  of  Winiergreen,  Spdhdic  or  Artific^ial*  This  ecknipoyod  U 
recognized  in  the  Pharmacopn?ia  as  Methyl  Salic>date,  whirli  mmt 
at  once  indicates  its  true  cliemical  character,  a  compound  Hhif.  It 
may  be  prepared  by  distilling  a  mixture  of  salicylic  acid,  nidbyl 
alcohol,  and   sulphuric  acid,   when    the  following   reoctloci  oei'an^ 

methyl  salicylate  being  volatized  and  condensed  in  suitable  reoeivisi. 
while  diluted  sulphuric  acid  remains  in  the  still.  For  the  pirposeof 
purification,  the  product  is  thoroughly  washed  with  water,  decaoted^  j 
and  redistilled. 

The  rpialtty  of  this  oil,  as  well  as  that  of  the  oil$4  of  betula  and 
gaultheria,  is  ascertained  by  means  of  decomposition  with  sodiim 
hydroxide,  as  directed  in  the  Pharmax^opoeia.  Sodium  siiUcylate  and 
methyl  alcohol  are  formed  according  to  the  following  Dquatioo, 
CHjC^H.O,  +  NaOH  =  NaC.HA  H  CIT.OII,  the  former  dis^^olv. 
ing  upon  application  of  he^it  and  subsequently  yielding  a  precipital0 
of  salicylic  acid  upon  supernatural  ion  with  hydrtx'ldoric  acid. 

Derivatives  of  Volatile  Oils,  The  PharmacopcBta  now- 
m'zcs  several  compounds  which,  being  obtained  directly  from  volatiTt 
oils,  should  Ikf  con.sideretl  at  this  point. 

Catnphor,  This  term  is  applied  to  corajxiunds  having  the*  <x>i«- 
pisitlon  Cj.jHtgO,  which  occur  in  a  number  of  cs?5cntial  oiU  and  nrt 
»olid  at  ordinary  tem[>erature.  They  are  nod(ud>t  tlic  ritsiult  4if  uxi* 
dation  of  hytlrcK^arbons  in  the  plant,  and  stand  iti  the  rtdatioo  of  a 
ketone  to  the  alcohol  Ix^rneol,  Ci^Hj^OH.  Official  camphor  is  d^ 
rived  solely  from  the  wo<k1  of  the  camphor  tree  of  China  and  Japan. 
When  mmplior  w(K»d  is  heated  in  the  stills  the  camphi^r  Vidatiiiaes 
and  sublimits  in  the  form  of  small  grains  which  tH>me  to  this  country 
as  crude  canipliur.  It  is  aix'ompanied,  a"^  a  by-product,  hy  oil  iff  i 
camphor^  a  liquid  of  complex  composition,  containing  not  Icba  ibaii 
four  hydrocarlxms,  piuene,  phellandrene,  dipentene,  and  cadiiieoew 
besides  five  oxidised  bodies,  eineol^  camphor,  terpineol,  safroli  and 
eugenoK 

The  term  artificial  cmnphor  has  l>een  given  by  some  to  lerpio  i 
hydrate,  but  it  is  generally  applic^><l  to  tcrpenc  hydrochliiridi!, 
C^HiJICl,  obtainal  by  saturating  oil  of  tur|x?ntine,  diasolved  tji  | 
twice  its  volume  of  carlK>n  disulphide,  with  dry  hy<lrochloric  acid 
gas.  The  wn»|X)und  forms  a  white,  phtstic,  cryst^dlinc  mass^  melltDg 
at  125"^  C.  (257°  F.)  and  jKjasi'Hsing  the  tnlor  and  ap[M'4irmQCP  of 
ordiimry  camphor.     If  tcrpenc  hydroc*hloridc  be  bcsiti^l  with  pola»^ 
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siiini  stcarate  in  a  s€*alcd  tul>e,  solid  terocampliene,  C,„H,j,  is  formed, 
which,  when  boiled  with  potassium  dirhromate  and  dilute  sulphuric 
acid,  takt^  up  oxygen  and  is  convertt^l  into  camphor,  Cj^Hj^O. 

Menthol^  Cj^,Hj/>H.  This  l>o<ly,  forming  tlie  chief  constituent  of 
oil  of  peppermint,  isobtaiued  now  almost  ahogether  from  the  Japanese 
oil,  by  simple  refrigeration,  and  is  then  punned  by  recrystallization. 
Its  chemical  character  is  that  of  a  secondary  ak*ohol,  yielding  by 
moderate  oxidation  with  potassium  diehromate  and  sulphuric  acid  a 
ketone,  menthone^  C((,HigO,  and  combining  with  organic  acids  to  form 
compound  ethers,  such  as  menthyl  acetate,  l>enzoate,  butyrate, 
formate,  etc.  By  means  of  dehydnitinrj  agents,  menthol  is  converted 
into  the  hydrocarbons  mentliene  and  dimenthene. 

Monobromated  Campho)\  This  compound  is  obtained  by  heating 
camphor  and  bromine  together  in  a  flask  or  retort  (preferably  with 
the  addition  of  water  or  chloroform)  until  reaction  ceases,  then 
allowing  the  yellowish  solution  to  crystallize,  heating  until  the  mass 
becomes  white,  and  recrystallizing  from  akNjIiol  or  benzin.  The  re- 
action involv<:*8  the  fortnatiun  of  camphor  diliromide,  C,^H|/)Brj, 
which  splits  up  into  camphor  raonobromide  and  hydrobroraic  acid, 
CoHjpBr,  ^  Ci^^H.^BrO  -  HBr,  the  latter  distilling  over  with  the 
water  or  chloroform. 

Tirebeju\  Tliis  preparation  is  obtained  by  the  action  of  concen- 
trate<l  sulphuric  acid  on  oil  of  turpc^iitinc,  the  acid  being  gradually 
added  to  the  oil ;  the  mixture  is  allowetl  to  stand  for  a  day,  after 
which  the  supernatant  layer  is  removed,  neutmliz(xl  with  chalk,  and 
distilled.  Careful  investigations  by  Power  and  Klcber(1894)  have 
shown  that  the  statements  in  the  Pliarmacopifiia  regarding  terebene 
are  erroneous,  and  that,  in  its  chemical  properties,  it  does  not  resem- 
ble oil  of  turpentine.  While  tlie  latter  oil,  as  before  stated,  consists 
almtiet  wholly  of  dextrorotatory  pioene^  true  terebene  consists  chiefly 
of  the  hydrocarbons  dipentene  and  terpinene,  with  some  cyraol  and 
camphene,  and  is  optically  perfectly  inactive;  the  latter  is  an  im- 
jK)rtant  test  for  the  presence  of  unaltered  oil  of  lur[>entine.  The 
8pe«^ific  gravitv  of  terebene  is  about  0.855  instead  of  0.862  at  15°  C* 
(59^  F.)  and  its  boiling  piiut  between  170*"  and  186^  C.  (SSS**  and 
365**  F.)  instead  of  ISG^-IGO^*  C  (312.8°-320^  F,). 

Jferpin  Hydrate,  C,gHij.(OH)^  +  HjO.  This  eampound  may  be 
obtained  by  allowing  a  mixture  of  four  parts  of  rectifieil  oil  of  tur- 
pentine, 8  parts  of  80  per  cent  alcohol,  and  1  part  of  nitric  acid  to 
stand  in  large,  shallow  dishes  for  several  days ;  the  crystals  which 
Imve  separated  may  then  \>e  drained,  dried  between  filter  paper,  and 
recrystallized  from  95  pr  cent,  alcohol  rendered  slightly  alkaline  to 
remove  adhering  acid.  The  yield  is  about  12  per  cent,  of  the  weight 
of  the  oil  of  turpentine  usal,and  the  operation  should  always  \ye  per- 
formed  in  the  cold,  as,  during  hot  weather,  resinification  of  the  oil 
will  04X*ur  in  place  of  the  formation  of  crystals*  Terpin  hydrate, 
wlien  fused  or  rendered  anhydrtius  over  sulphuric  acid,  yields  terpin, 
JC„lI,g(OH),,  a  diatomic  alcohol,  which,  when  distilled  with  moder- 
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ately  dilute  sulphuric  acid^  loses  water  and  is  changed  cfaieAy  into 
terpineol,  C^„H„OH,  a  siibstijoce  largely  employed  in  perrQioerf  on 
aeeoLiDt  of  iti*  very  fragrant  odor,  resembling  tliat  offre^b  lilaeiL 

Thyrnol,  CJl.fi  or  C^HyCHyC^UpR,  This  \K*dy,  cheniiaillT 
known  as  melhyl-propyl  phenol,  occurs  Id  several  volatile  oils,  and  m 
obtained  by  treating  the  residue  left  upon  distilling  the  oila  bvlov 
200^  C.  (392°  R)  witli  solution  of  soda,  whereby  thymol  b  dtaooiml 
m  sodium-thymol,  Cj^^H^/JNa*  When  the  solution  hn»  lieixilll«einr 
by  subsideuee,  thymol  is  libei-ated  by  means  of  l»ydro<*hlorir  acid  and 
purified  by  distillation  and  crystallization;  if  necessary,  it  U  al 
colorized  by  treatment  with  animal  charcoal. 

Besins. 

Comparatively  little  is  known  as  yet  regarth'ng  the  cbemieal  cim 
position  of  resina  which  occur  in  plants  either  alone  or  in  cKimbfCui*| 
tiou  with  volatile  oils  as  oleoresins  or  with  gums  as  gum  rftrfn*-     In* 
vestJgations  are  now  in   progrc^ss  in  the  hands  of  Pnit*  TeiAinJi 
Berne,  Switzerland,  and  hiflcolul)orer8,  and  no  doubt,  in  theooui^ei 
a  few  y^i-s,  much  light  will   l>c  ghcd  upon  this  now  rather  o()acure 
subject.     This  much  ban  already  been  established,  that  resitis  art] 
largely  composed  of  organic  acid  esters  or  compound  ethers  of  certain 
alcohols,  to  which  latter  the  general  name  reainot  has  b» 
some  of  these  alcohols  give  reactions  similar  to  thone  cha. 
the  tannins  and   have  therefore    been   designate* I  as  resins 
Thus  we  have  benzoresinol,  storesinol,  peruresiuotannol,  tolu.      „ 
tannol,  etc.    Some  resins  have  dccidixlly  acid  properties,  while  otfarrs 
are  known  to  be  anhydrides,  as  in  the  case  of  common  pine  refiio  or  j 
colophony,  which  is  chiefly  composed  of  abiVtic  anhydriae,  C^HigOi;! 
one  of  the  rcj^ins  found  in  c*opait)a  is  a  crystalline  acid,  callwl  copatYM] 
acid,  having  the  elementary  conipa^itjoo,  Ca^Hj^jO, ;  the  resin  obtaimd 
from  guaiaeum  wood  aud   officially  recognized  as  /Tuaiac,  oonMSli 
largely  (70  per  cent,  and  over)  of  guaiaconic  acid,  C,gH^O^  to  whidl 
the  well-known  color  reactions  of  guaiac  with  oxidizing  ag^it^  arc  doe*  | 

Resin    of    Scammontf    consists    almost    wholly    of    -  niiij  I 

^sJ^ifiw  ^'^^  u n hydride  of  scam monic  acid,  which  beh 
glucoside.     Jalap  rvsiu  iHinsisls  of  two  distinct  resrns  whir'li 
aeparated  from  tuch  other  by  ether,  the  one  insoluble  in  ik,- 
atruum,  and  constituting  about  70  |>er  ci'nt.  of  the  ofBdal  re^o,  eua* 
sista  almost  entirely  of  convolvulin,  CijII^^^O,,,  an  anhydride  poi^egr 
ing  glucosidal  proj>ertie.s  and  lieing  colork^ss  when  pnrp.    The  offieU 
rehin  of  podophi/Uum  is  a  complex  mixture,  eont^i  '«  acid  called 

|H)do|»hylliQic  aad,  insoluble  in  ether,  and  a  stii  i  which  the 

name  pcKlophyllotoxin  lias  lieen  given  ;  the  latter,  which  coftalitntBi 
about  50  per  cent  of  the  ofHcial  product,  is  said  to  he  the  actm 
purgative  principle.  Both  t hese  suo^tanees  are  soluble  in  ehlorofbnn, 
and  may  be  se}xirate<l  by  addition  of  ether  to  the  ch^      "  -la* 

tion,  which  precipitates  poduplivllinic  acid  ;  upon  ev.*  I  ;he 

ethereal  sohition  |K>dophyl]otoxin  is  obtained. 
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ORGANIC  AC1D0. 

Op  the  large  number  of  €*omj>ouiicls  teriDc-d  orgaDic  acids,  only  the 
few  that  are  of  sj^eeial  interesl  in  pharmacy  have  been  offieially  I'eeog- 
nized.  Organic  ac;ids  are  considered  as  derived  frono  hydrocarbons 
or  rheir  alcohols^  by  replacement  of  hydrogen  ur  bydroxyl  by  tlie 
utiivalent  group  carboxyl,  COjH,  and  vary  in  their  basicity  a»  one, 
two,  or  three  carboxyl  groups  may  have  \teen  taken  up,  carrying  wilh 
them  one,  two,  or  three  atoms  of  replaceable  hydrogen,  as  in  the  case 
of  inorganic  acid^.  The  oflScial  organic  acids  are  acetic  acid,  benzoic 
acid,  citric  acid,  gallic  acid,  lattic  acid,  oleic  acid,  salicylic  acid,  stearic 
acid»  tannic  acid,  and  tartaric  acid.  Diluted  hydrocyanic  add,  al- 
though usually  reckoned  amoug  the  inorganic  acids,  is  preferably 
conaidereil  at  this  point,  since  cyanogen  is  a  carbon  compound  prob- 
ably derived  from  hydrocari>ons  by  substitution  of  oitrogen  for 
hydrogen.  Oxalic  and  valerianic  acids,  although  not  officially  recog- 
nized, are  both  of  interest  to  piiarniacist^,  as  is  also  meconic  acid. 

AcBTfic  Acid,  HC^HaOj  or  CH^COaH,  This  acid  has  already 
been  considered  in  connection  with  the  derivatives  of  cellulose  on 
page  549. 

Benzoic  Acid,  UCyHfl,^  or  C^H^CX^jn.  St'veral  methods  are 
in  use  for  obtaining  this  acid  froru  benzoin,  the  bali^amic  resin  from 
which  it  takes  its  nsime. 

Both  a  dry  and  a  wet  process  are  employed  for  extracting  the  acid 
from  the  rt»sin,  in  winch  it  exists  in  a  free  state.  The  former  is  by 
sublimation,  benzoin  in  coarse  powder,  which  has  been  dried  over 
lime,  being  heated  in  shallow  iron  pans  <xivered  with  a  porous  dia- 
phragm and  connected  with  a  suitable  coiKlenser,  carefully  regulated 
sand-bath  heat  l>eing  used  so  as  to  avoid  c^mtami nation  of  the  acid  with 
other  products,  partly  the  result  of  deeora position,  which  volatilize 
at  a  temperature  approaching  200^  C.  (392°  F.>  The  yield  of  add 
by  this  metho*!  ranges  from  6  to  8  per  c*ent,  of  the  weight  of  ben- 
zoin used,  the  fuse<l  resin  retaining  a  considerable  portion  which  can 
be  recovered  by  the  wet  method  ;  sublimed  acid  is  never  chemically 

{nire,  being  always  accompanied  by  a  volatile  oil  to  which  the  pecu- 
iar  odor  of  the  aiid  is  due. 

The  wet  method  consists  in  treating  powdered  bensoin  for  some 
time  with  warm  milk  of  lime,  and  finally  boiling  the  mixture  and 
Sltisring  while  hot.     The  filtrate  is  supersaturated  with  hydrochloric 
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acid,  the  crude  benzoic  acid  being  allowed  to  crystalline  aiid 
porified  by  resolution  in  boiling  water,  with  the  additioa  of  aiiiii 
charcoal^  filtercn:!  and  again  crystal lizecJ.      Id  this  proccM  otldv 
benz<jate,  Ca(C\Hg02)2,  is  first  formed  and    then    docomfioiwd  with 
hydrochloric  acid,  whereby  benzoic  acid  is  liberated  w^bite 
chloride  remains  in  sol  utioii,  thuH,  Ca  {Q^Ufi^  -f  2HCI  =  2  HC^ 
+  CaClj.     Benzoic  acid  obtainetl  by  this  method,  is  of  fine 
appearance,  and  devoid  of  the  jiecniiar  aroma  of  sublimed  aeii 

Of  late  years  synthetic  benzoic  acid  has  been  extensively  prtMJiKsdf 
and  the  l*lmrmaco[w.aa  recognizes  both  the  natural  and  dynthetic 
prodiictjs.  The  latter  is  ma<^le  from  toluene,  C^H^OHj,  by  paning^ 
chlorine  gas  into  it  while  boiling  until  an  increase  iu  weigbl  is  no 
longer  oljserved.  Toluene  is  thereby  converted  into  benisyl  tricbloridey 
CgHjjCCla,  which  liquid,  when  treated  with  water  under  (ireasare,  ii 
converted  into  benzoic  and  hydrochloric  acids,  thus  C^H^CCl^  + 
2H2O  =  C.HjCO.H  +  311C1  \  the  benzoic  acid  is  separatiJ  hf 
straining  and  washed  with  cold  water  until  free  from  bydrodilork 
acid.  It  is  important  iu  thi^  procc*ss  that  the  chlorine  £^  \m  paari 
into  the  boiling  toluene  in  dlf^uscil  daylight,  to  avoid  the  forauilaos 
of  other  products. 

Large  cpiautities  of  benzoic  acid  are  also  made  from  1*  *:  «^of 
cattle  and  horses,  which  contains  hippuric  acid,  or  benzo  n'uU. 

By  boiling  hippuric  acid  with  strong  hydrot^hloric  acid^  the  lormcr 
absorbs  water  and  is  split  up  into  benzoic  acid  and  glycH^HjU,  tbiM; 
C.H.COC.H^NHO,  ;  H,0  =  C,H,CO,H  +  C\H>H,CV  Ben- 
zoic acid  from  this  source  is  always  accompanied  by  a  fWid  odor, 
which  is  removed  by  recr}'stallization  and  subHmation  witli  benBoCB, 

CrTBic  Acid,  H,C,H,0-  +  H,0  or  C^H.OHrOOjH),  +  Hp. 
This  acid  belongs  to  the  class  known  as  fruit  acids,  and,  altboi^ 
<KX3urrinff  in  many  plants,  is  obtained  for  use  solely  from  lemons  and 
limes.  It  is  manufactured  botli  in  this  country  and  Europe,  on  i 
large  srade,  from  the  juice  of  immature  fruit,  which  contains  frooi 
6-8  per  cent,  of  acid.  The  juic«  is  first  clarifie«1  by  ebullition  tod 
tlien  neutralized  liy  addition  of  chalk,  the  resulting  calcium  ininte 
being  washed  with  lx>iling  water,  in  which  it  is  sparingly  folobie, 
and  finally  decomposed  by  means  of  diluted  sulphuric  acid  ;  tke 
newly  formed  calcium  sulphate  is  removed  by  straining,  tin*  MilcttkNi 
of  citric  acid  Ijcing  concentrated  and  allowed  to  crys^talltw  In  lam 
wmxlen   vats  lined  with   lead.     If  necessary,  the  '  ttnc 

acid  are  redissolved  in  water,  the  solution  being  ftub-«  ^  N-faJ  . 

through  animal  charcoal,  to  remove  color,  and  recrystalliz^Hj, 

As  citric  acid  crystallizes  l>etier  from  aolutions  containing  a  lit 
sulpliuric  acid  traces  of  the  latter  are  generally  found  in  ibe  1 
mcrcial  artich\  Small  particles  of  metal  found  adhering  to  At 
crystals  and  deposited  in  solutions  thcrcHjf  arc  lead,  derived  from  Ikt 
crystallizing  vats.  Contamination  with  crystals  of  tartaric  acid  CM 
be  readily  detected  by  placing  some  of  the  crystals  in  a  small  didb 
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with  a  little  solution  of  potassa ;  the  crystals  of  citric  add  slowlj 
dissolve,  while  those  of  tartaric  acid  gradually  bccM^me  oimque^ 
•owing  to  the  formation  of  acid  potassium  tartrate.  The  Pharniaco- 
pfpia  requires  absolute  purity  for  citric  acid,  with  tlie  exception  of 
very  snmll  traces  of  sulpliuric  acid.  The  official  te^t  for  the  pres- 
ence of  tartaric  and  oxalic  acids  depends  upon  the  solubility  of 
pota^^sium  citrate  in  acetic  acid,  in  which  the  tartrate  and  oxalate  are 
insoluble. 

Solutions  of  citric  add  gradually  separate  fungous  growths;  this 
caD,  huwever,  be  prevented  by  addition  of  6  or  10  jkt  cent,  of  alcohol. 

Diluted  Hydbocyanic  Acid*  The  official  preparation  of  this 
name  is  an  aqueous  solution  of  gaseous  hydrocyanic  acid^  HCN, 
prepared  by  decomposing  a  solution  of  pota^^isium  ferrocyanide  with 
sulphuric  acid,  in  a  flask  or  retort,  and  conducting  the  resulting 
vapors  into  distill«xl  water  In  thi^^  process  the  following  reactions 
occur;  1.  The  formation  of  hvdroferrocyanieacid,  thus.  KjFe(CN)( 
+  2HjS0,  ^  H,Fe(CN),  -f  2k^SO,;  2,  The  de^^)mp<j8ition  of  a 
further  portion  of  potassium  fernK*yanide  by  the  newly  formed  acid 
in  the  pres^euce  of  sulphuric  acid,  thas  K^Fe(CN)g  +  H^F'e(CN)| 
H-H,SU,=  6HCX +KjSO,  H  K3Fe(Fe(CXU  hydrocyanic  acid 
being  evc>lve<1,  while  ]>ota83tum  sulphate  and  potassio- ferrous  ferro- 
cyanide^ \iyJiyeiuiLV._salt>^''<''i^a  in  in  the  flask  or  retort ;  the  latter 
salt  is  white  at  first,  but  gradually  changes  to  bhie.  A<jueous  vajwr 
of  course  passes  over  witfi  the  vajwr  of  the  acid,  tK)th  of  which  are 
usually  4tmdcnsed  in  a  Liebig  condenser  interposed  between  the 
retort  and  r«?ceiver.  The  directions  of  the  Fharmaco|Keia  are  to  con- 
tinue distillation  until  the  original  volume  of  the  mixture  has  been 
reduced  to  about  one-half,  and  then  to  ililute  the  ctmtents  of  the 
receiver  with  sufficient  distilled  water  that  the  fininheil  product  shall 
contniu  2  per  cent  by  weight  of  absolute  hydrocyanic  acid. 

The  quantity  of  water  requii'ed  for  dilution  of  the  distillate  is 
readily  aac<»rtained  by  first  determining  volumctrif^ally  the  amount 
of  alisolute  HCN  present;  this  is  done  by  titrating  a  small  weighed 
portion  with  dccinormal  silver  nitrate  solution,  using  potassium 
chroniate  as  an  indicator.  Since  silver  chromate  is  soluble  in  both 
acid  and  alkaline  liquids,  it  Ijecomes  neeeasary  to  neutralize  the  acid 
liqisid,  and  for  this  purp<jse  magnesium  hydroxide  is  preferable  to 
soda  or  )>otassa}  as  a  slight  excess  of  it  is  m»t  hurtful — in  fact,  serves 
to  9har[>cn  the  end  reaction  by  providing  a  white  background, 
against  which  the  nnl  color  is  more  plainly  seen.  The  equation, 
HCN  +  AgNO,  ^  AgCN  +  HNO3,  shows  that  2d  98  |>arts  of  ab- 
Aolute  hydrocyanic  acid  require  lG9,/35  |mrts  of  silver  nitrate  for 
*  ^mplete  dec?om position  ;  hence  each  C^.  of  A  AgXO,  solution  rep* 
Imwiita  0.<K)269>^  Gm.  of  HCN,  and,  as  red  mlver  chromate  is  not 
permanently  formed  until  all  hydrocyanic  acid  has  Ijeen  removed, 
the  number  of  cubic  centimeters  of  decinormal  silver  solution  re- 
quired to  protluoe  the  jiermanQnt  reil  cxjlor,  multiplied  by  0.002698, 
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gives  the  total  (|naDtily  of  liydrooyatHc  arid  pre^nt  in  thi?  i 
U80(l  for  the  assay,  whieh^  miilliplied  by  100  and  divided  bjr  tiie'1 
weight  of  the  sample,  expresses  the  pert^^ntage  of  absoliite  udL 
Tims,  if  0.27  Gm.  of  the  distillate  reouires  3.4  Cc.  of  ^  Ag50^ 
solntioD,  3.4    per   cent,    of  al>hohite   llCN    is   pre«»ot^   for   3,i  X 
0,002698  =  O.OOin7;^2,  which  multiplied  by  100  and  divided  bj^r^ 
==  3.39  -f-  or  3*4.     The  amount  of  water  necefisary  for  dilut' 
the  distillate  can  uow  lie  found  by  simple  calculatioo,  according  fo  j 
t!ie  rule  statefl  ou  page  %b^  namely  :  multiply  the  total  weight  nl  ib» 
distillate  by  the  j>er<'entage  of  absolute  acid  found  and  <livide  tW 
produt't  l>y  tlie  {lereentage   re<]uired  (wliich  in  this  ea?9e  i- 
percent.);  the  quotient  iudieates  the  weight  to  which  the  •! 
must  be  brought  by   the  addition  of  distilled  water.      If,  frtinii 
weight  so  found,  the  weiglit  of  the  origiual  distillate  be  subt 
the  remainder  will  iudieate  the  weight  of  water  t«»  be  added* 

As  the  vaiMir  of  hydrocyanic  acid  is  very  poisonou^i  sfM't'ial  i«rp^ 
must  be  observed  that  all  joints  of  the  flask,  tubing,  etf.,  U*  tiet^re^ 
so  a-s  to  pivvent  leakage,  and  to  guard  agaiust  the  butr  list 

liquid  in  the  flask,  frequently  observed,  a  tiu  hiwKl  mi\^  ^  \^atA 

over  it  or  a  spiral  of  glass  or  platinum  he  8U6i>eiidtJ  in  the  iicjuid. 

The  alternative  tbrmula  in  the    Pimrraacopoeia  for  making  ibe 
official  acid  is  simple,  and  titfers  a  convenient  methcxl  for  rapidly  pre- 

SLring  small  quantities.    Six  Gro*  of  silver  cyanide  will  yield  1*21  -f- 
m.  of  absolute  hydrtx^yanic  acid,  which|  dissolved  in  00  C<!u  of  flakll 
as  directed  in  the  formula,  makes  a  2  per  cent,  solution  ;  if  istrirtlfl 
oflicial  hydroc*hloric  acid  1)€  used,  a  very  alight  excess  of  tlic 
will  l»e  present. 

Solutions  of  hydrocyanic  acid  are  nnst^ible,  henc«  the  oft*  *  '  ' 
acid  is  a  very  unsatislactory  preparation,  even  if  (^ret  t 

small,  tightly  closed  amber  vial.s.  Good  souml  corks  an-  |>rv4iabhr 
preferable  to  glass  stoppers^  as  they  fit  more  closely,  a^  a  rule 
Various  suKstances,  such  as  sulphuric  and  hydrochhirie  aeidn,  dtlttt^ 
aleohol,  ete,,  have  bec^n  suggested  for  the  preservation  of  the  diluted 
acid,  but  thus  far  none  have  proven  strictly  reliable. 

A  strong  solution  of  hydrocyanic  acid,  known  as  S< ^      '  *     t*^, 
contains  5  [>er  cent,  of  absolute  HCN,  but  is  not  used  in  ;  iitrr 

for  medicinal  purposes* 

Tlie  test  witli  ]>otassa,  ferrous  sulphate,  and  ferric  chlm  id#^ 
tioned  in  the  I*harmacop<Bra,  is  generally  known  as  ^ 
for  hydrocyanic  acid,  and  depends  upon  the  formation  ui  t- 
rocvanide, or  Prussian  blue^  by  alkali  cyanides.  The  rtnution - 
ring  areas  follows:  L  HCN  +  KOH  =KCN  -f  H,0 
-h  3FeS0.  +  2Fe,a.  -  Fe,(Fc<CN);),  +  12KC1  +  ::  ^  , 
the  presence  of  an  excess  of  alkali  hydroxide,  however,  as  id  tlif 
official  test,  the  blue  salt  undergoes  dccom position,  alkali  (x!fT^<s* 
anide  entering  into  solution  and  ferroso- ferric  liydroxide  lietDg  pt 
dpitatrfl ;  henee  the  addition  of  hy^lrcK-hlfiric  acid  i  '    to  n4i^i 

solve  the  latter  when  ferric  (errocyanidc  will  be  pn 
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_  LUC  Acid,  HC^H.O,  +  H,0  or  C,H,(OH),0OaH  4  H,0. 
?heD  powdered  oiitgall  is  niaet'rated  for  some  time  with  water  the 
aslriogent  pri  in 'I  |ile  contain*  d  therein  tindorgoes  a  t4iiitigje,  h*?coming 
but  sparingly  soluble  in  coU  water.  Nutgalls  contain  tannin, 
which  is  now  accepted  to  lie  an  auhvdride  convertible  into  >i[allic 
acid  by  the  absorption  of  water,  thus  :  C,4Hi/>y  H-  H^O  ^2HC^H^O^* 
The  usual  plan  of  obtaining  gallic  acid  is  to  form  a  thin  paste  of 
Dutgall  with  water,  which  is  exposed  to  the  air  in  a  warm  place  for 
a  month,  with  occasional  .**tirring  and  replacement  of  water  that  may 
eva|K>rate;  at  the  end  of  that  time  the  paste  is  expressed,  the  liquid 
being  rejected,  and  the  residue  lx)iled  with  distilled  water  for  a  tew 
liuute^;  the  mixture  is  tiltered  while  hot  through  animal  charcoal 
ad  allowed  to  crystallize.  The  eryslak,  if  not  sufficiently  free  from 
»lor,  are  again  dissolved  in  hot  water,  filtered  as  liefore,  reerystal- 
B«ed,  and  dried. 

The  British  Pharraacojwpia  directs  to  boil  coarsely^powdei'cd  nut- 
gall  with  dilute^l  sulphuric  acid  tor  halt'  au  hour  and  strain  the 
mixture  while  hot ;  upon  cool  tog,  the  liquid  separates  eryMtaU  of 
gallic  acid.  The  object  of  the  sulphuric  acid  is  simply  to  hasten 
the  combination  of  the  tanoin  with  water,  and  thus  save  time. 

Gallic  acid  is  readily  distinguislnxl  from  tannic  acid  by  its  greatly 
decrea^«e<l  solubility  in  water,  al<M>liol,  and  glycerin.  Alkali  citrates 
are  said  to  increase  the  ;«oIubility  of  gallic  acid  in  water  to  a  n^arked 
degree.  Its  aqueous  solution  i.s  moreover,  not  precipitated  by  addi- 
tion of  albumin,  starch,  or  gelatin  solution,  and  the  bluish-white 
preiipitate  formed  upon  addition  of  lime-water  is  redissolvcd  by  an 
excess  of  gallic  acid  ;  a  large  excess  of  lime-water  causes  the  liquid  to 
aasumea  pink  tint.  Gallic  acid  causes  do  precipitation  in  alkaloidal 
solutions. 

Medicinally  gallic  acid  is  unlike  tannic  acid  in  so  far  that,  exter- 
nally applied,  it  exerts  no  astringent  etfect,  although  it  readily  con- 
troKs  passive  hemorrhages  when  internally  administered* 

PyrooalIjOL,  also  known  as  pyrogallic  acitJ,  is  a  derivative  of 
add  and  recognized  in  the  Pharmaioposia.  Chemically  it  is 
itomie  phenol,  having  the  wm}K)sition  CjH3(OH)^,  and  may  be 
obtainefl  bv  subliming  previously  dried  gallic  acid  in  an  oil-bath  at 
a  tenifjeratiire  of  200^  or  210°  C/(392'=*  or  41 0^  F.)  ;  the  yield  by  this 
method  amounts  to  alxint  30  per  <^nt.  If  gallic  acid  be  heatal  with 
two  or  three  time^  \ts  weight  of  water  for  half  an  hour  at  the  above- 
named  tempt*niture,  under  pressure  in  a  suital»le  l>oilrr,  in  such  a 
manner  that  the  liberated  carbon  ditixide  can  e?^ii)e,  a  somewhat 
colored  solution  uf  pyrogallol  will  result,  which,  Ixiilcii  with  auimal 
charcoal,  filtered,  and  evaporated,  yields  an  almo^^t  cnilorless  crystal* 
line  mass,  from  which  pure  pyrogallol  may  be  ol»tained  ;  as  the  yield 
abiounts  to  nearly  To  jK-r  cent,  of  the  weight  of  gallic  acid  used,  this 
process  is  preferred  by  nianufaeturers.     In  either  oaae  the  chemical 
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clmoge  h  the  same,  gallic  acid  beiug  split  up  into  pyrogallol  i 
carlxiD  dioxide,  thus  :  ITCyH  A  =  CaHjCOH)^  +  CX>^. 

Pyrogallol   is  readily  darkent-d   by  exposure   to    air  and  tiffliti 
owing  to  oxidation  ;  iienre  it  niust  be  carefully  preserved  in  ti);bllf| 
closed  amljer  vials.     It  id  very  soluble  in  water^  aloobol,  and 
and  cootumiuation  with  gallic*  acid  may  ttius  l»e  dete<*t4*<l. 

As  pyrogallol  is  poi8oQaus,  a  derivative  prcxluet  has  bwo  intn>»1 
dueed  in  its  place,  namely ,  gallacetophenonej  or  f/a/Iaciophenotu^  pr^  ^ 
pared  by  heating  a  mixture  of  pyrogallol,  7Ami  ehl<»ride,  and  gli 
acetic  acid  to  148^  C.  (298.4*^  F.)  and  adding  water  t«i  the  fiiiioa 
while  hot ;  the  resulting  product  may  he  rt?<TystaIIized  frtim  boiHii|| 
water.     It  occurs  as  a  crystalline  iwwder  of  dirty  flesh^oolor,  havip 
the  composition  CoH,((yT/>)(OHX. 

Lactic  Acid.     The  oflSt  tal  acid  is  an  aqueous  solation  of  ladii! 
acid,   IK^H.O^or  (H/Jllt>IIfX),n,  e<iutainiug   75   per  ceoL  hy 
weight  of  the  absolute  add.     Three  varieties  of  Li^*'-  «- -d  are  known,  j 
namely,  isolflctic  or  ethyledeiifi  lactic  aicidi samij  hL  and  cihr-. 

lene  lactic  acid,  of  which  the  first  alone  is  oraciail}  recugmwd  ;  it  i 
obtained  byTernientation  of  a  mixture  of  either  milk-migar  or  ' 
verted  sugar  (see  page  567),  milk,  or  cheese  atid  water,  at  a  temf 
ature  between  25°  and  35°  C.  (77°  and  95°  R) ;  chalk  or  dti 
oxide  is  added  to  neutnilize  the  acid  as  fast  as  formed^  since  tKitvr 
acid  is  otherwise  apt  to  be  produced  if  much  free  la  *  •  f   ttl 

present.     The  resulting  calcium,  or  zinc  lactat-e,  is  sub-  ri»- 1 

crystallized  and  deeomju»sc<l  by  means  of  sulphuric  acid  or  hvJru|^ 
sulphide,  the  mixture  filtered  and  the  solution  of  lactic  aciff 
rated.  Complete  evapomtion  of  the  water  is  not  practicable,  i 
the  lactic  acid  w^ould  undergo  decompositi*jn,  the  elementi^  of 
being  split  oflT  and  insoluble  lactic  anhydride  formed  ;  keace 
Pharmacopceia  recognizes  a  very  strong  solution  in  place  of  the 
absolute  acid*  The  tcmj>erature  is  an  important  factor  in  the*  fer- 
mentatiou  of  milk,  as  Mow  26*^  C*  (77°  F,)  aci'tic  ucid  will  be 
foruieil,  alxjve  iJ5°  0»  (95°  F.)  butyric  acid  :  hence  the  lai^gcst  ^ 
of  lactic  acid  is  produced  Ijetvveen  these  two  degrees  of  ht«at. 

Besides  the  official  lactic  acid  two  otfier  varieties  occur  on 
market,  known  as  concentrated  and  dilute  lactic  acid  rp^pw^ivt. 
but,  since  neither  strength   nor  sjK^ific  gravity  is  spe<  i  the 

label,  they  should  not  l)e  employee!  by  pharmacists  in  jm  ^    i«jcrf 

or  otherwise. 

The  reaction  between  lactic  acid,  potassium  permanganate^  aod 
sulphuric  acid,  mentioned  in  I  lie  Pharmacojxijia,  resulting  lo  the 
development  of  an  odor  of  aldehyde,  has  already  been  cxplattied  on 
j)age  477  under  strontium  lactate, 

Meoonic  Acid,  HjC^HO^  +  3HjO.  This  add  is  of  itite., 
chiefly  as  a  constitucrtt  of  opium,  and  also  on  account  of  its  |itHiul« 
rt^aivlion  with  ferric  chloride,  which  can  be  used  as  a  tffit  for  pr^jiar 
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aoDft  oi  bpiuu> ;  ferric  me^oDate  )K)ssesses  a  liloodred  lolor,  like  that 
of  ferric  acetate  and  sulplj(j<n'anate,  but  may  be  distio^iiislietl  from 
the  former  by  \U  iiidirterenc^  to  dilute  |jydn>t*hhirie  add,  and  from 
the  latter  by  its  indiffei'enee  to  luereuric  chloride.  Reducing  at^^ents, 
euoh  as  stannous  chloride  and  alkali  hypochlorites,  discharge  the 
color  of  ferric  meconate.  Meconic  acid  may  be  obtained  by  precipi- 
tating a  conceutratetl  infusion  of  opium  with  calcium  chloride,  ae-, 
comprising  the  resulting  calcium  meconate  with  warm  dilute  hydro- 
chloric acid  and  recrystallizlng  from  water. 

Oleic  Acid,  HCjJI^^^O,  or  Cj^H^aCO^H,  In  the  chapter  on  fata 
and  fixed  oils  this  acid  has  been  uientioned  m  being  found  in  nearly 
all  liquid  fati?.  It  is  usually  obtaiuetl  of  variable  quality  in  a  crude 
state  in  the  manufacture  of  c^udh?s,  being  then  known  as  red  oil; 
for  pharmaceutical  purposes  tiae  crude  acid  can  be  suflSciently  puri- 
fied by  sim|>ly  eoolin>r  the  same  to  5°  C.  (41°  F.)  and  separating  the 
liquid  jK>rtion  from  imlmitic  and  other  acids.  Such  an  acid  is  recog- 
nized in  the  Pharmacopa3ia  A  still  purer  acid  may  be  obtainetl  by 
saponifying  expressed  oil  of  almond  with  lead  oxide,  dissolving  the 
lead  oleate  in  petroleum  benziu  and  de<*omj>osiug  the  solution  with 
dilute  hydrochloric  acid  ;  after  removal  of  the  lienzin  by  evapora- 
tion, tlie  oleic  acid  may  be  washed  with  water.  When  perfec*tly 
pure,  oleic  acid  is  colorless,  odorless,  and  tasteless,  but  rapidly  be- 
comes colored  upm  exposure  to  air  and  light. 

The  test  for  appreciable  quantities  of  palmitic  and  stearic  acids, 
mentioned  in  the  Pharmacopoeia,  depends  uj^m  the  formation  of  lead 
olcntc,  pnlmitate,  and  stearate,  the  former  of  which  is  soluble  ia 
ether,  while  the  latter  two  arc  insoluble. 

Oxalic  Acid,  HjCp*  -f  2HjO  or  (COjH)j  +  2HjO.  Although 
this  acid  oci*urs  in  numerous  plants,  chiefly  in  the  form  of  acid 
pc»tas9ium  oxalate,  it  is  obtainetl  for  the  market  wholly  by  synthetic 
meth<xls»  If  sawdust  Im?  made  into  a  pasty  mass  with  strong  sola* 
ih*u  of  potassa,  or  potassa  and  soda,  the  mass  then  hejitc<l  au<l  kept 
at  a  temperature  of  205^  C.  (401*^  F.)  for  one  or  two  hours  and 
drietl,  a  gniy  pow<lcr  of  crude  alkali  oxalates  will  l>e  obtained  ;  by 
treatment  with  milk  of  lime,  calcium  oxalate  rt^ults,  which  is  then 
dei*om|MTsed  with  sulphuric  acid  and  the  solution  of  oxalic  acid  is 
conct*utrated  and  crystallized.  A  much  larger  yield  is  said  to  he 
obtaiuHi  by  heating  sodium  hydroxide  with  csarbonic  oxide  to  100® 
C\  (212°  F.),  whereby  stxlium  formate,  NaHOO^,  is  produced, 
which  is  then  further  heate<i  to  400°  C.  (752°  F,),  with  exclusion  of 
air  as  far  as  |>ossible,  and  inverted  into  sodium  oxalate,  from  which 
the  acid  is  I  i Iterated  as  above* 

Oxalic  acid  is  used  in  medicine  only  in  the  form  of  ferrous  and 
cerous  oxalates,  but  ia  a  valuable  reagent  in  chemical  analysis. 

Samcyuc^  Acid,  HCVH^O,  or  CJTpHCO,H.  Since  the  intro- 
duction of  salicylic  acid  into  medicine,  nearly  all  thus  ujed  has  been 
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prepare  syntlictimlly  frora  carbolic  acid  or  phenol ;  amall  qua 
are  also  obtained  by  treating  oil  of  wiutergrwn,  methyl  aali 
with  potassa  and  decomposing  the  resulting  potassium  iialt  withiaj 
acid.  Id  tlie  synthetic  process,  the  first  stei)  is  the  mamifactun!  < 
sodium  c^rbolate,  or  sodium  phenol,  C^H^OKa,  by  sattirmtiiig  car* 
bolic  acid  with  soilium  hydroxide.  This  compound  in  theo  drifd 
•and  treated  with  carbon  dioxide,  whereby  sodium  phenol  cmrboiiile 
is  formed,  thus,  C^H^ONa  +  CO3  =  Na'C^H^COj ;  this  is  hinted  b 
tightly-closed  vessels,  or  in  retorts  throngh  which  a  stnaim  of  carbon 
dioxide  is  passing,  to  LHO^  C,  (266^  F*),  when  it  is  «x)n verted  inlo 
aodium  salicylate,  XaC^H^O^.  This  is  the  pro^x^as  now  g^eoemlly 
employed,  and  is  a  modification  of  KoUie's  original  nM-tlK*I,  in 
which  only  one-half  of  the  phenol  was  utilized,  the  n  :  ft»- 

tilltng  over  at  a  higher  teraj>eratuiie*     Tht*  crude  stMlin;  ;  lat[^ 

is  dissolved  in  water  and  decomposed  by  means  of  hydro<^hlorie  acid ; 
the  resulting  mixture  is  drained,  washed  with  cold  water,  and  fitiallr 
dissolved  in  boiling  water  from  which  salicylic  acid  €ryi*tiillifflrti  oa 
cooling  and  can  be  purifietl  Ity  solution  in  diluted  alcohol,  deoolorbed 
with  animal  chanx^al,  and  recrystallized. 

Salicylic  acid  furnishes  several  derivative  products  usi^  in  inedi-^ 
cine,  one  of  which  is  i-ecognized  in  the  Pharmacopieia  under 
name  SaJol;  this  can  also  l)e  looked  upon  as  a  derivation  of  phenol  *« 
but,  as  it  is  more  closely  allied  to  salicylic  acid  in  its  thera|ieutfea^ 
effects,  it  is  generally  classed  with  the  same. 

Salol.     This  title  is  simply  a  copyrighted  name  applied  to  the 
phenyl  ester  of  salicylic  acid,  more  pro|>erly  adied  phrtiyt  matieylnkJ 
Several  methods  are  known  for  preparing  salol,  such  as  treating  w[ 
mixture  of  sodium  phenol  and  sckHuui  salicylate  with  pbuephoni 
oxychlonde,  or  passing  a  slow  current  of  phosgene  (carbonyl  Qhloride) 
into  a  warm  mixture  of  tlie  two  salts;  in  l>oth  t-ases  new soclium  ftaiti 
are  formed  as  l>y-product8  and  the  resulting  salol  is  dissolved  10 
alcohol  and  crystallized.     A  later  and  simpler  process  ct>nsisU  to . 
heating  salicylic  acid,  contained  in  a  flask  with  a  long  narmw  »ei!k,| 
in  an  oil-bath,  to  220°  or  230^  C.  (428°  or  446°  F) j  air  ii  ex-' 
eluded  by  passing  a  stream  of  carbon  dioxide  into  the  tiask,  the  hiog 
neck  of  which  permits  only  vapon?  of  water  and  ^tirUm  dioxide  to | 
escape.     The  salicylic  acid  is  first  changed  bv  heating  into  its  aiibf-l 
dride,  thus,  2HCyH,0,  =  (aH.COjHXO  +  H^O ;  this  is  \hm  «plii| 
up  into  ]>henyl  salicylate  and  cartjon  dioxide,  thus:  (C|H,CXXH)|jO * 
=  C^HgCylijO,  -f-  Qi\,      The  resulting  com[K)und  is  dissolved  io 
alcohol  and  erystallizeti,  as  in  the  other  methods. 

Other  derivatives  of  ajinor  importance  are  :  mtipyrine^  or  antHl 
pyrine  salicylate;  ^alophi^n^  a  comf>ound  of  salicylic  acid  and  aivtyl-l 
amidophenol,  a  group  far  less  poisonous  than  phenol;  Ao/i/iAm,  a  I 
compound  of  salicylic  acid  and  pht^netidin  ;  Balicykimult,  a  com  pi  jam!  1 
prcKiuced  by  the  action  of  ammonia  on  methyl  salicylate;  diiodomiUiA 
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a  comJeiisation  prmluct  of  phenol  aiiJ  rliicKlosalUylic  acid ;  cresalot^ 

or  cR*>4ol  salicylate  ;  salumin^  aluminum  salicvbte. 

Stearic  Acid,  HCj^Ht^O^  or  C^yH^^COjH.  This  acid,  which  ia 
of  very  little  use  in  pharmacy,  except  iii  the  preparation  of  glycerin 
suppositories,  is  largely  obtaineil  in  the  ra  an  u  facta  re  of  glycerin  from 
tallow,  by  treatment  with  water  and  superheated  steam,  as  explained 
on  page  195.  The  commercial  article  is  rarely  pure,  often  cnjnsist- 
ing  wholly  of  stearin  ;  for  pharmaceutical  purposes,  it  should,  at 
least,  respond  to  the  official  requirement  regarding  the  limit  of  un* 
decomposed  fat.  Solubility  in  alcohol  also  serves  to  distinguish 
stearic  acid  from  stcario. 

Takkic  Acid,  HC,^H^0^.  The  official  tannic  acid  is  that  more 
spedfictilly  known  an  j^rallotannic  acid,  from  its  source^  nut-gall,  to 
Qifltinguish  It  from  related  compounds  found  in  the  bark  of  various 
oaks,  clu^tnut,  etc;  it  has,  however,  also  been  met  in  the  leaves 
of  tc*a  and  sumac.  Absolutely  pure  gallotannie  acid  is  no  doubt 
digullic  acid,  or  an  anhytlnde  of  gallic  acid^  aa  stated  on  ))age  61 1, 
and,  as  such,  its  composition  would  be  represented  by  the  formula 
{C^H3(OH)^C(>2H)30  ;  the  commercial  article  is,  however,  as  a  rule, 
cimtaminated  with  variable  proportions  of  ghicose  in  weak  combina- 

[iiou,  which  formerly  gave  support  to  the  view  that  tannic  actd  was 
tl  glucotiide.  The  true  cliemit^l  character  of  tannin  was  first 
announced  by  S<^"hitf*,  in  1871,  aud  corroborated  by  Etti,  in  1884. 
The  Kubje«"t  of  the  various  tannins  has  been  carefully  studied  in  this 
country,  during  the  past  five  or  six  years,  by  Prof.  H.  R.  Trimble, 
who  has  laid  clown  the  results  of  his  labors  in  a  valuable  and  ex- 
tended monograph,  entitled  Ihe  Tannijis,  which  work  has  been 
freely  consul te<l  by  the  writer. 
Different  methods  ai-e  em(»loyed  by  manufacturers  for  the  extrac- 
liou  of  gallotannie  acid,  giving  rise  to  the  varieties  known  as  ether-, 
UcMihol',  and  water- tannin*  Chinese  or  Japanese  galls  are  preferred 
to  the  Turkish  variety,  on  account  of  their  richness  in  tannic  acid, 
from  tU)  to  ij!y  |>er  cent.,  and  greater  freedom  from  coloring  matters. 
The  ether  method  yields  the  U«t  product  The  finely  cut  galls  are 
fifist  exhausted  with  water,  at  a  temperature  of  40*"  or  60**  C.  (104** 
or  140'^  F»);  the  infusion  is  allowed  to  cool,  then  filtered  and  in- 
timately mixed  with  commercial  ether  by  agitation.  When  the 
emulsion  has  separated,  the  up|>er  ethereal  layer,  containing  coloring 
matter,  resin,  fat,  gallic  and  ellagic  acids,  is  removed  and  the  aqueous 
fluid,  afler  concentration,  under  rf<luce<l  pressure,  in  a  still,  to  a 
syrupy  consistence,  is  spread,  when  ihmjI,  on  tin  plates,  which  are 
placed  on  a  steam  table  and  cH>vered  with  a  wcxMlen  box  ;  this  cauaea 
the  tannin  to  [aitfup  and  dry  and  gives  ris<!  to  the  peculiar  spongy 
character  of  c!ommercnal  tannin.  The  so-called  cr^'sralline  taonio 
acid  of  Gh>rman  manufacturers  is  obtained  by  intrmlucing  a  very 
thick  syrupy  masri,  prepared  a9  above  stated,  into  well  tinned  copjxjf 
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vessels,  with  a  jHrforated  bottom,  through  wliich  t' 

drops   in    lung   threads  on  to   heated  revolving  *'yi  ^vh< 

dries,  and  is  removed  in  the  form  of  thin  ueedle-slmfK^il  |Hirtirk^ 

Another  plan  is  to  extraet  the  powdered  nutgull  with  a  mixture 
ether  four  parts  and  alcohol  one  {^rt,  transferring  the  tAouie  a^id 
water  by  agitation  with  the  latter,  and   then  proceediug  u»  befiifv 
stated*     This  inetliod  is  extensively  employed. 

Diluted  ahtjliol  i.h  used  in  the  preparation  of  al*  by 

percolation,  tlje  tineture  being  concentrated  and  evaj  try* 

ncHs  in  a  vacuum  apparatus  Water-tannin  is  obtained  by  ifvapufui'- 
ing  the  affueoua  infusion  descril>etl  above,  to  drj'neas,  in  a  vacoiim- 
pan.  Neither  of  tliese  products  is  as  free  from  color  or  impfirities 
a^  the  first  name<l  or  etlier'tanniu. 

In  189H  Prof  Trimble  suggested  the  nse  of  acetone  for  the  ex* 
traction  of  tannic  acid  from  nutgall  and  exhibited^  at  Chicago,  i 
sample  of  the  acid,  almost  white,  prepared  by  this  method.  Tbe  ad- 
vantages claimed  for  tliis  solvent  are  cheapness,  thorough  peoetnK 
tion,  and  rapidity  of  action. 

Glucose,  tlic  mo«t  persistent  impurity  found  in  tannin,  mil  \m 
removetl   completely,  as  suggested   by  Trimble,  by  treatment  witb 
lead  acetate  and  hydrogen  sulphide  aud  subsequent  extraction  of 
tannin  with  acetic  ether. 

Gallotannic  acid  differs  marketlly  from  oak-bark  tanoinji  i 
behavifjr  toward  several  reagents,  thus,  while  with  lime  watitr  oak 
tannins  give  a  pink  or  red  precipitate,  gallotannic  acid  cauiie^  a  hloe 
precipitate  ;  with  bromine  water  gallotannic  acid  gives  no  nreeifHtJite!, 
while  i^ak-taunins  cause  a  yellow  precipitate ;  ferric  ehlaride  and 
ammonium  hydroxide  cause  a  green  precipitate  with  oak  taonim 
and  a  blue  one  with  gallotannic  acid,  etc.  The  blue  color  somettoiei 
obeerveti  in  the  case  of  oak-tannins  with  ferric  salts  is  dne  to  tbe 
presence  of  a  foreign  subi^tance,  pure  oak-taun!n  showing  only  a 
green  c^olor.     (Trinible.) 

Owing  to  the  ready  discolonition  of  tannic  acid  by  metallic  irmi 
in  the  presence  of  moisture,  all  ct>ntact  WMth  sjiatulas  under  9iic4i 
conditions  must  be  avoideil.  Solutions  of  tannic  acid  change  resdilr« 
particularly  if  exi>08ed  to  air  and  liglit,  gallic  acid  aud  proliablr 
ellat/h  aeui,  C|^H^Op,  being  gradually  formed  ;  such  cluingt^e  art 
retaiiicd  and  even  prevented  by  the  j>resenoe  of  glycerin  or  iilcobol  ia 
sufticient  rjuantity. 

The  term  tannin  is  now  applied  to  the  whole  group  of  vegHmbIa 
astringents,  while  the  name  tannic  acid  has  been  reserved  for  tbt 
particular  product  derived  from  nutgalU.  The  cla88ifif!ation  adoplel 
by  Trimble  divides  all  tannins  into  two  main  grouf*ft,  which  oiay  be 
distinguished  from  each  uthcr  by  the  reactions  abuve  metil 
All  lannius  should  be.golul>le  in  water  and  precipitated  by  ^bl 
TEc  gallotannic  acid  grou[i  includes,  besides  nutgall  tauma, 
tatinins  found  in  chestnut  wocxl,  chestnut  bark,  pomegranate  bark^ 
and  snmac^  while  the  oaktannin  group  comprises  the  tannins  ffijoi 
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Jifferent  species  of  oak,  from  kino,  catechu,  krameria,  torraeDtil, 
mangrove,  and  canaigre. 

While,  for  technii^l  puriK>8es,  the  estimatioa  of  tannin  in  various 
tanning  materials  is  often  of  importance,  and  is  no  doubt  also  valua- 
ble in  eiiemieal  plant  analysis,  such  tleterminations  are  not  required 
in  pharmacy.  Advantage  is  taken  of  the  well-known  property  of 
tannin  to  form  insoluble  compninds  with  gelatin  (as  demonstrated  in 
the  preparation  of  leather),  and  this  operation  is  included  in  all 
methods  of  assay  thus  far  published.  A  complete  account  of  Lowen- 
thal'a  metliod  for  estimating  tannin,  as  modified  by  Von  Schroeder, 
will  be  found  in  the  Natimuil  Di»pa\»aioi^^  6th  edit.,  p.  108. 

Tartaric  Acid,  H^C^Hp^  or  (CHOII),  (COjHV  Tliis  acid  is 
€fvcn  more  widely  distributed  iu  the  fruit  of  many  plants  than  citric 
acid,  occurring  botli  in  the  free  and  combined  state.  For  commercial 
purposes,  it  is  obtained  from  crude  or  partially  puri6ed  argols  (see 
p.  432)  by  neutralizing  the  acid  potassium  tartrate  in  hot  solution  with 
chalk,  whereby  calcium  and  potassium  tartrates  are  formed,  and  theo 
decomposing  the  remaining  potassium  tartrate  with  calcium  chloride  ; 
the  resuhing  calcium  tartrate  is  washetl  with  water  until  tasteless  and 
decomposed  by  digestion  with  sulphuric  acid,  when  sjiaringly  soluble 
cadcium  sulphate  is  formed  and  tartaric  acid  liberated,  which  latter 
enters  into  solution.  After  removal  of  the  precipitated  calcium  sul- 
phate by  filtration,  the  solution  of  tartaric  acid  is  concentrated  and 
alJawed  io  crystallize,  the  crystals,  if  nect»ssary,  being  redissolved, 
digfifited  with  animal  charcoal  and  recry.'^tallized. 

Tartaric  acid  is  rarely  found  in  the  shops  in  other  than  powder 
form,  and,  as  a  rule,  is  free  from  impurities.  The  official  tc*8t  for 
oxalic  and  uvic  aci*ls,  by  means  of  calciimi  sulphate  solution,  depends 
upon  the  insolubility  of  calcium  oxalate  and  uvate  in  the  presence  of 
ammonium  salts,  whereas  calcium  tartrate  is  but  slowly  depc»sited 
nnder  like  conditions  ;  an  excess  of  ammonia  must  be  avoided,  hence 
the  Pharmacoixeia  directs  iuct>raplete  neutralization.  If  crystallized 
tartaric  acid  is  contaminated  with  uvic  acid,  the  latter  is  readily  de- 
tecte<l  by  the  milk-white  appearance  of  its  crystals,  those  of  tartaric 
jK'id  being  translucent* 

Valerianic  Acid.  HC.HA  or  {Cl{^\Q\hCli^.CO^n.  Aa 
this  acid  occurs  in  a  free  state  in  valerian  rf>ot,  it  may  l^e  obtained 
by  distilling  the  root  with  water,  neutralizing  the  aqueous  |x>rtion  of 
the  distillate  with  soda,  and  decomposing  this  solution  with  sulphuric 
acid,  it  may  then  be  purifittl  by  fractional  distillation* 

Commercially  the  acid  is  made  by  oxidation  of  amyl  alcohol  with 
a  mixture  of  potnssiuni  dirhromate  and  sulphuric  acid,  and  neutraliz- 
ing the  distillate  with  smiium  hydroxide;  the  resulting  sodium  vahv 
riinate  is  decompf »8e<l  by  means  of  sulphuric  acid,  when  the  lil>erat**d 
valerianic  acid  will  rise  as  an  oily  layer.  This  is  then  fret^d  from 
Wtt€r  by  treatment    with   sulphuric  acid,   and    mrefully  distilled. 
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The  reaction  taking  place  may  be  illustrated  thus :  SCaH^OH-r 
2X^20;  +  8H2SO,=  3HC,H,0,  +  2igSO,+2Cr^SOJ,-|-llH,0. 
Since  a  small  portion  of  the  amyl  alcohol  escapes  oxidation,  it  is 
attacked  by  the  newly  formed  acid  and  passes  over  into  the  distillate 
as  a  compound  ether,  known  as  amyl  valerianate^  C^HuC^H^O,;  tlie 
name  apple  oil  is  given  to  this  ether,  on  account  of  its  apple-like  odor 
when  diluted.  When  the  acid  distillate  is  neutralized  with  soda  the 
amyl  valerianate  separates  as  an  oily  liquid,  and  may  be  removed. 

The  solubility  of  valerianic  acid  in  not  less  than  26,  and  not  re- 
quiring over  30  times  its  weight  of  water,  affords  a  ready  means  of 
discovering  certain  impurities ;  it  should  also  produce  a  clear  solu- 
tion with  a  slight  excess  of  ammonia  water. 

The  only  use  made  of  valerianic  acid  in  pharmacy  is  for  the  pro- 
duction of  ammonium  valerianate  in  the  manufacture  of  the  elixir  of 
the  same  name. 
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Thk  name  alkaloids  in  applie<l  to  a  large  class  of  carbon  comiwiincls 
containing  nitrogen,  wliich  are  capable  of  neutralizing  acitU  and 
forming  salts.  The  basic  pmperties  of  tbeae  compounds  vary  in 
iDtensitVj  some  exhibiting  but  a  feeble  baaic  reaction,  while  others 
are  capable  of  decomposing  heavy  metallic  salts  with  the  formation 
of  metallic  hydroxides.  The  term  alkaloid  was  given  to  these 
sO'Called  organic  bases  on  aci*cjunt  of  their  similarity  in  chemical 
character  to  alkalies,  alkaloid  meaning  alknli-like. 

Since  the  discovery  of  basic  principles  in  both  living  and  dead 
animal  tissues  the  name  alkaloi<ls  has  generally  been  restricted  to 
those  nitrogenous  bases  derived  fnjm  plants,  the  term  lenoomaineM 
having  been  selected  for  the  basic  substanc^es  found  in  living  animal 
tissues  and  ptomaines  for  those  pro<]ueed  during  putrefaction  of  dead 
animal  tissues;  the  last  named  are  still  sometimes  called  cadaveric 
alkaloids.  Chemists  go  even  a  step  further  by  subdividing  vegetable 
bases  and  reserving  the  name  alkaloid  for  all  th*>se  shown  to  be 
derivcnl  from  pyridine,  C^H^X,  or  quiooliue,  CVH^N,  two  simple 
bases  found  in  coal  tar. 

The  discovery  of  alkaloids  r»ccurred  within  the  present  century, 
in  1817,  when  Sertiirner,  a  German  apothecarj%  demonstrated  the 
baaic  character  of  a  substance  obtaineil  by  him,  in  1806,  from  opium, 
now  known  to  us  as  morphine.  In  order  to  distinguish  the  basic 
from  neutral  vegetable  principles  a  different  terminology  has  been 
adoptcil  for  the  two  classes,  which  has  been  maintained  in  the  Phar- 
mai^opceia  and  serves  an  excellent  purpose.  The  euding  he  (Latin 
irui)  is  applied  to  all  basic  plant  products,  while  the  ending  m  (Lntin 
inum)  is  given  to  all  neutral  principles. 

Alkaloids  may  be  divided  into  two  main  classes  as  regards  their 
constitution,  namely,  those  containing  carbon,  hydrogen,  nitrogen, 
and  oxygen,  and  tliose  containinc);  only  the  6rst  three  elements;  to 
the  former,  which  are  always  solid,  the  name  amides  has  l^een  given, 
while  the  latter,  which  are  liquid,  are  known  as  amines.  Vegetable 
Imsi-s  do  not  all  pissess  the  same  saturating  power  for,  while  the 
majority  are  monacid  in  their  character,  several  well-defined  diacid 
liases  are  known.  When  brought  together  with  acids  they  do  not, 
like  inorganic  ba!***s,  cause  the  displacement  of  basylous  hydrogi^u 
with  the  formation  of  water,  but  behave  like  ammonia,  forming  salts 
^  by  simple  additiou.  In  regard  to  the  naming  of  i^lts  formed  by  the 
■     union  of  alkaloids  with  acids^  it  is  customary  in  the  case  of  oxygen 


f 


02O 


PHARMACEUTICAL  CI^^^fr^TnY 


acids  to  fallow  the  usual  rule,  thus:  acciaKi^.  ctti  !mtes,j 

phates,  sulpliatt'S,  etc,  but,  in  tlie  c^.se  of  hali3g<  ,  fh* 

name  woiikl  i^ectn  to  be  obtained  by  changing  th*.^  tcriiir  ^  of 

the  acid  into  kk  for  the  salt,  thus  hydrobroniidcv  hv  ni^ 

hydrucyaukle,  etc;  the  Phariiiacopa?ia  has,  however,  :i  '  ft  tiit 
plan  of  using  the  tenninatioxi  air  throughout,  uo  matter  wlmi  noli 
IS  in  combination* 

In  a  pure  state  alkaloids,  with  a  few  exceptions,  an^  biit  Kperioglr 
soluble  in  cokl  water,  but  dissolve  more  or  loss  readily  in  ftlojJioi, 
chloroform,  petroleum  benziu,  benzene,  amy  1  alcohol,  etc;  some,  bol 
not  all,  dissolve  in  ether.  Salts  of  the  alkaloids,  as  a  rule,  af^, 
soluble  io  water,  but  less  so  ia  other  solvents. 

In  nature  alkaloids  mrely  occur  in  a  free  state,  bein|^  iijxually  « 
elated  witli  an  acid,  which,  in   sotue  instances,  is  a   |ieeultar  acid 
eharaetcristie  of  the  plant  in  which  it  is  found,  as  igasurie  arid  in 
combination   with  the  alkaloids  of  nux  vomica,  quinic  a(*id  of  the 
cinchona  Ijark^^  raeconic  acid  in  opium,  etc.;  many  alkalnidfi  oocor 
in  the  plant  as  tannates.     Alkaloids  are  not  always   restricted  to 
special  imrts  of  the  plant ;  while  present  to  a  much  larjjer  extent  ia 
some  parts  tliau  in  others,  they  are  frequently  met  with  in  the  root, 
stenij  leaf,  and  fruit  of  the  same  plant.     For  their  extraction  vanooi 
methods   are   employed :    cither    the   finely   com  minuted   drug    m 
exhaustetl  with  acidulated  water,  whereby  the  alkaloid   is  lirmiglit 
into  solution  as  a  new  i?alt,  which  can  then  l>e  dwomposed  and  prf-| 
cipitated  by  means  of  an  alkali  and  further  purtfie<l  by  re^lftti<iQ  m\ 
some  appropriate  solvent,  filtration  through  animal  ciiareimi  and  cnff*! 
tallizatiou  ;  or  the  drug  may  be  exhausted  with  a  neutnil  scdvent,  ^^ucii 
as  alcohol  or  diluted  alcohol,  the  resulting  tl  not  are  l^ein^  fiiddulAtrd,J 
eva|X)rated  to  remove  fats,  resins,  etc.,  filtered,  treated  wiUi  water,  aadl 
precipitated  and  purifitsl  as  stated  above.     Advantage  is  taken  <»f  thfi 
differencf*  in  solubility  between  free  alkaloids  and  their  sal U  Ui  i 
arate  and  purifv  the  product  by  the  use  of  immiscible  b-^'  $th 

as  water  and  petroleum  k-nzin,  water  and  cldomform,  wat-  •  bcr, 

etc.,  whereby  the  alkaloid  can  l>e  alternately  transiently  in  a  com- 
bined or  free  state,  from  one  fluid  to  another  j  this  nee&iaitaie6^  of  ■ 
course,  provision  for  bringing  the  liquids  into  intimate  eontaiel  hf( 
agitators.     This  method,  which  is  extensively  employed  in  the  asait 
of  alkaloidal  drugs,  is  terrae<l  by  analysts  the  *^  shaking  out  proi^isK 
because,  on  a  small  scale,  the  transfer  is  made  in  glass  separators  hfl 
rotation  or  shaking.     In  large  operations,  such  as  die  tninnfiriiirrl 
of  the  cinchona  alkaloids  and  others,  kerosene  or  gti£^< 
allied  to  benzin,  ii?  now  extensively  employed  on  ac<x>unt  ot  it**  mmvc lu 
capacity,  its  cheapness,  and  ready  separation  from  watery  fluids.     In< 
the  case  of  alkah>ids  which  are  volatile,  the  drug  is  pin* 
with  some  water,  and,  by  the  addition  of  a  fixed  alkali,  ; 
is  lilieratcd,  and  with  the  aid  of  heat,  passinl  over  into  a  npwif'rr 
containing  acidulated  water,  when,  having  been  obtained  as  an  add 
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it  ean  be  further  purified  and  isolated  by  oae  of  the  methods 
efore  mentioned. 

To  determioe  the  presence  of  an  alkaloid  in  any  drug,  the  simplest 
plan  i§  to  macerate  a  small  portion  of  the  finely  powdered  article 
with  about  ten  times  its  weight  of  Pmllius*  fluid,  a  liquid  of  remark- 
able {lenetratin^  power,  composed  of  ether  825  Cc,  alcohol  25  Cc., 
and  stronger  water  of  ammonia  10  Cc*  The  maceration  should  be 
condutted  in  a  welUcIo^  flask,  for  several  hours,  with  frequent 
agitation,  after  which,  some  of  the*  clear  liquid  is  decanted  into  a 
glass  separator  (eee  Fig.  138)  containing  some  b  [>er  cent,  sulphuric 
a<3id,  and,  by  means  of  careful  but  active  rotation,  any  alkaloid 
present  is  transferred  to  the  acid  fluid  ;  upon  withdrawing  this  and 
warming  on  a  water-bath  to  remove  ether  and  alcohol,  the  addition 
of  any  of  the  general  reagents  mentioned  lielow  will  produce  a 
cloudiness  or  precipitate  if  alkaloids  Iiave  l>een  extracted. 

Altliougli  particular  alkaloids  are  only  found  in  certain  plants  or 
apecies  of  plants,  it  often  happens  that  several  alkaloids  are  present 
in  the  same  plant,  ranging  from  2  in  nu^  vomica  to  21  in  opium 
and  32  in  cinchona  ;  rarely,  however,  does  the  number  exceed  4. 
When  pure,  alkaloids  are,  as  a  rule,  crystal lizable,  excepting  the 
amines  or  liquid  bases,  without  color,  and  have  a  definite  mejfting* 
point,  which  latter  is  an  important  test  of  purity;  their  different 
solubilities  have  already  been  referred  to.  In  solution,  whether 
free  or  in  a  combined  state,  they  ai'e  precipitated  by  a  number  of 
substances  which  are  known  as  alkaloidal  class  reagents,  and  there- 
fore incompatible  with  them  in  prcsc*riptions.  Such  reagents  are 
tannic  acid,  picric  acid,  merruric  chloride^  and  iodine  with  pota'^ai urn 
iodide;  besides  the^lhe  following  te^ts  for  the  presence  of  alkaloids 
are  known  by  special  names — Mntfcts  reagent^  a  solution  of  potas- 
sium mercuric  iodide  (see  United  States  Pharmacopceia,  page  486), 
Marnve^ii  reagent ^  a  solution  of  potassium  cadmium  io<lide,  Drugea- 
dnrff*%  reagent^  a  solution  of  potassium  bismuth  iodide,  ScheUiler'4 
reagent,  phosphotungstic  acid,  Sonnen^chein^s  reagtniy  phosphomolyb- 
die  acid,  and  others.  Many  alkaloids  give  characteristic  i»olor  reac- 
tions with  acids  and  other  reagents,  by  mt^ans  of  which  their  identity 
may  be  antablished  ;  some  of  these  reactions  will  be  mentioned  farther 
on  in  connection  with  the  individual  alkaloids.  Very  complete  in- 
formation regartling  the  behavior  of  alkaloids  toward  reagenti^  as 
well  as  their  source,  solubilitie;*,  etc.,  is  to  l)e  found  in  iSohn's  1Mb- 
Honary  o/  the  AoHve  Principks  of  PlanU  f  1894). 

The  quantitative  determination  of  allcaloids  in  drugs  may  be 
efibcted  both  gravi metrically  and  vol u metrically.     The  first  method 

largely  employed^  and  is  ap|)licable  whenever  it   is  possible  to 

date  the  alkaloid  in  the  crystidlioe  form  or  of  any  fair  decree  of 
purity,  as  in  the  official  pnx^ess  for  the  morphiomctric  asnay  of 
opium  or  in  determinations  of  cot^»inc.  When,  however,  the  alka- 
loidal residue  is  aticompanied  by  appreciable  quantities  of  impuri- 
ties, siidi  as  cx)Ioring  and  resinous  matters^  the  results  obtained  by 


622 


PHARMACEUTICAL  CHEMISTMY. 


the  gravi metric  method  are  i»variahlj   too   high    and   nbuulfl 
checked   by  vohmietric  estimation,  which  is  best  aceomplblied 
sohition  of  the  residue  id  an  exoeBs  of  deeioormal   hydriH^lilorio  i 
Bulphuric  acid,  with  the  aid  of  heat  and  titration  of  the  exoeA  oT" 
acid  by  means  of  t'cnti-  or  deci normal  alkali  in  the  prf^coonoTA 
suitable  intHeator^  a«  explained  in  the  official  proCfs.s  for  the  esttiui* 
tiou  of  alkaloids  In  extract  ot^  luix  vomica.     In  cuse  but  oiie  alka*^ 
laid  is  present  tliis  method  of  titration  leaves  Dc»tluQg  wbati'ver 
desire,  hut  when  several  alkaloids  oa^ur  in  a  dru^%  lack  of  tnmhiTt\ 
information  as  to  the  relative  propoition  in  which  theiie  alk 
arc  [^resent  causes  a  source  of  error  which  analy.Hts  thiid  far 
not  been  able  to  overcome ;  in  such  cjisea,  afler  careful  |»urt6e 
of  the  alkakiidal   residues  by   appropriate  meau^,  the  gmvtmetria 
method  in  probably  to  be  preferred  for  the  determi nation  of  to<Al1 
alkaloids.      The   use  of  3iayei^*»  Sohition  (decinormal   solutioQ  of  i 
potassium  mercuric  iodide)  was  at  one  time  advocatefl   for  the  roiii- 
metric  determination  of  alkaloids,  on  actxjunt  of  the  formatioci  of 
definite  compountla  between   alkaloids  and   the  double  iodide;  but 
since  the  results  obtained  have  been  found  to  vary  with  cotiditioiM 
not  always  controllable  it  has  been  abandonefl,  its  use  IteSog  nnw 
restricteil  to  that  of  a  qualitative  reagent. 

The  l^harmacopjeia  ^ivi's  specific  directions  for  the  detenninalioQ 
of  alkaloids  in  two  drugs — cinchona  and  opium — and  in  4*ight 
galenical  preparations — namely,  the  extract,  fluid  extract  luid  thic^ 
tare  of  nux  vomica,  and  the  extmct,  tincture,  vinegar  nod  wiiw  i 
opium  as  well  as  the  tincture  of  deodorized  opium. 

The  official  assay  of  cinchona  involves  the  gravimetric  deCermicui* 
tiou  of  buth  total  alkaloids  and  quinine  ;  the  former  should  xvmA  Dul 
lc8.s  tliau   h  [)er  cent,  of  the  weight  of  the  drug,  the  latter  at  I«ttil 
2.5  per  cent.     These  percentages  are  now  fre*]uently  exee«<lt^ 
Gommeretal  cinchona'^,  barks  containing  8  |)er  cent  of  total  aJkaKii 
and   from  4  to   6   \yQX  c^nt,  of  tpiinine  being  not  unusual;  cboiceJ 
cinchona  barks  wnth  10  and  12  |)er  cent,  of  miinine  have  eveo  beea 
found.     The  determination  of  the  total  alkaloids  is  readily  under* 
8to<xl ;  the  ammonia  pre^^ent  in  tlie  menstruum  lilierates  the  alkaluiili, 
which  are  then  taken  up  by  the  alcohol-chloroform  mixture.     UsiJif 
definite  proportions  of  drug  and  menstruum,  an  aliquot  part  of  Hit 
filtrate  represents  a  definite  projxirtron  of  tlie  drug.     The  residue  of 
crude  alkaloids  is  dissolved  in  dihited  acid  and  again  fittereil  to  refDorv 
impurities,  the  filter  being  washed  with  acid  water  so  as  to  rwxrvtf 
any  alkaloids  retaintnl  in  form  of  solution.     The  final  addttiuo  ii 
alkali  again    liberates  the  alkaloids,  which  are  then  taken  up  bff 
repeated  treatment  with  chloroform  ;  the  solution  t)eing  cvapuraSedi 
and  the  residue  dried  to  constant  weight  at  1<X)°  C.    As  10  gfsmini* i 
of  cincliona  are  represented  in  the  chlurofurmic  solution,  tlm  wtftgbl 
of  residue   multiplied    by    10    must  express  the  ^^ereentagt*  of  totil 
alkaloid  found.    It  frequently  ha|)pens  in  the  evaimratioii  iif  cMoro- 
formic  solutions  of  alkaloids  that  a  varnishdike  film    is   foi 
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retaloing  traces  of  chloroform,  henc^  it  is  advautageoim  to  redissolve 
this  film  in  a  t^mall  quantity  of  ether  whirh,  upon  being  belated  and 
evafwirateil,  carries  the  last  chloroform  with  it,  thus  insuring  greater 
acfuinicy  in  weight. 

The  determination  of  quinine  depends  upon  the  greater  solubility 
of  this  alkah>id  in  ether.  By  evaporating  the  original  solution  of 
alkaloids  in  the  presence  of  {xywdered  glass,  the  ri-:$idue  is  obtained 
in  a  divided  conditioD,  in  which  it  is  readily  acted  upon  by  any  suU 
vent,  hence,  if  treated  with  ether,  this  liquid  will  quickly  dissolve 
any  quinine  present  and  as  much  of  the  other  alkaloids  as  the  quan* 
tity  of  etlier  used  is  capable  of  taking  up.  If  now  the  residue  be 
iiercolaled  with  another  like  quantity  of  ether,  the  quinine  having 
been  tiiken  up  by  the  Brst  treatment,  a  quantity  of  other  alkaloids 
will  again  be  dissolved  corresponding  to  that  dissolved  by  the 
firfet  portion  of  ether  and,  by  evaporation  of  this  ether  solution 
separately,  the  cj  nan  tity  so  disstjved  can  be  ascertained.  Subtract- 
ing the  weight  of  the  becontl  residue  from  the  weight  of  residue 
obtained  by  evaporation  of  the  first  ether  sijhition,  the  weight  of  the 
quinine  dissolved  is  ascertained.  Thus,  if  5  Gm.  of  cinchona  are 
represented  in  the  alcohol-chloroform  residue  as  officially  indicated| 
and  the  residue  from  the  first  ethereal  solution  weighs  6.1875  Gni, 
and  that  from  the  second  0.0625  Gm.,  the  ditference,  0.125  Gra., 
indicates  tlie  weight  of  quinine  pre^nt,  which  multiplied  by  20  givea 
2*6  as  the  percentage  of  quinine  contained  in  the  sample* 

The  morphiometric  assay  of  opium  directed  in  the  Pharmacopoeia 
is  genendly  known  as  Squibb's  method,  having  l)een  first  suggested 
by  Dr.  E,  R.  Squibb  as  a  mollification  of  Fluekigers  method.  Mor- 
phine, being  present  in  opium  chiefly  as  sulphate,  i^  readily  ejKtraeted 
with  water,  but,  along  with  it,  other  substances,  nareotine,  codeine, 
coloring-matter,  inorganic  salts,  etc*,  are  also  brought  into  solution, 
which  it  is  projjosed  to  remove  entirely  or  retain  iu  solution  by  the 
addition  of  alcohol  and  ether  when  the  precipitation  of  the  morphine 
10  finally  effected.  As  pure  morphine  is  not  entirety  insoluble  in 
water,  a  dilute  mother-liquor  \h  undesirable,  hence  concentration  of 
the  infusion  is  resorteti  to,  in  order  to  rciluce  the  loss  from  this 
source ;  the  adclition  of  alcohol  has  been  found  advantageous  in  pre- 
venting the  precipitation  of  coloring  matter  along  with  the  morphine^ 
and  19  by  no  means  hurtful  iu  the  proportion  direiled.  The  ether 
removes  nan*otiuc  and  codeine,  and,  moreover,  by  its  saturation  of 
the  aqueous  fluid,  still  ftirther  refluces  the  solvent  power  of  the  latter 
on  the  freshly  liljerntetl  morphine.  The  addition  of  ammonia  water 
decomposes  the  morphine  salt  in  solution  and  the  free  alkaloid  gnid- 
ually  separates  in  the  form  of  crystals.  Morphine  crystallizes  with 
one  molecule  (5.94  per  cent.)  of  water,  and  does  not  lose  this  water 
when  drieil  at  60°  C.  (1-10*^  F,),  hence,  if  accurate  results  arc  want^l, 
the  crystals  should  be  dried  at  that  temperature,  sin<^  the  Pharma- 
oojKeia  requirf*s  results  in  hydrated  crystalli/dl  alkaloid.  If  the 
crystals  are  drift!  to  constant  weight,  at  100°  or  110°  C,  (212®  or 
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230^  F.)>  which  is  often  more  cjonvenipnt  than  a  regulated  loww 

temperature,  the  weight  of  the  anhydrons  crystals  should  be  fnalti* 
plied  by  L0tJ*3  to  corri*&ipoud  to  the  hyd rated  erystaJs. 

If  the  phiirtiiaeD|Keial  directions  l>et^refnlly  observed,  good  roulta 
will  almost  i  a  variably  be  secured*  The  highest  peroeotagos  «fp 
generally  obtained  by  allowing  the  crystals  to  separate  diiriag 
eighteen  or  twenty  hours,  but  the  longer  the  time  the  greater  tbe 
impurities  deposits!  along  with  the  morphine.  During  the  oidimrf 
time  alio  wed  J  from  ten  to  twelve  houra,  these  impurities  areprobftblj 
compensatetl  for  by  the  loss  of  morphine  remaining  in  tljc  moUier- 
liqiior^  but,  beyond  this  point,  a  correction  often  becomes  necpsflarv 
either  by  the  litue- water  test  or  ash  tc^t ;  pure  morphine  it 
in  100  times  its  weight  of  official  lime-water,  hence,  by  trf*sitit! 
Gm.  of  morphine  with  50  Ce.  of  lime-water,  and 
weight  of  the  insoluble  residue  when  dry,  the  propo 
ties  present  can  readily  be  ealculated. 

The  assay  of  extract  of  opium  is  very  similarly  conducted^  and 
can  be  performed  in  less  time*,  owing  to  the  solability  of  the  extnai 
lu  water.  In  the  case  of  the  tineture  of  opium  it  bm3mes  ineocMiry 
to  get  rid  of  the  resinoujs  and  ath<T  matter  taken  up  by  tbe  hjdfiK 
alcoholie  menstruum  ;  precipitation  with  water  is  therefore  diieded 
in  the  Fharmaeopr:eia, 

The  official  method  of  assay  for  extract  of  nux  vomica  is  8f>o 
what  similar  to  that  directed  for  cinchona.     The  first  treatment  will 
ammonia  water  and  alcohol  liberates  the  alkaloids  and  brings  lbe9^f 
into  solution,  whence  they  are  abstracted   by  -  7?  ireatiuent 

with  ehloroform.     The  residue  obtained  by  evaj  uf  the  cUo- 

ro formic  sol ut tons  is  dissolveil  iu  hot  water,  with  the  aid  of  a  mem^ 
ured  quantity  of  decinorraal  sulphuric  acid,  which  eon  verts  tk 
alkaloids  into  sulphates,  an  excess  of  acid  remaining,  Afl<*r  thr 
addition  of  an  indicator,  oenti normal  alkali  solution  is  added  anfcil 
the  appearance  of  a  permanent  pinkish  color  indicates  thai  a 
slight  excess  of  alkali  is  present.  Centinormal  alkali  in 
preference  to  a  deci normal  solution  to  enable  the  operator  to  oar 
neutralize  the  excess  of  acid  without  the  danger  of  adding  a  niarlce 
excess  of  alkali*  In  order  to  bring  the  alkali  si^Iution  tu  the  \*alii 
of  the  decinormal  acid,  it  becomes  necessary  to  divide  the  numhrrol 
cubic  centimeters  of  centinormal  solution  used  by  lOj  subtmctixif 
the  quotient  su  obtaiuetl  from  the  number  of  cubic  centimeten  ut 
dannormal  acid  first  used  gives  the  quantity  of  ^  HgSO^  nentmliid 
by  the  free  alkaloids  obtained  from  the  extract.  Since  two  alkaloidi 
are  known  to  l^e  present  in  nux  vomica^  the  neutralizing  power  of 
both  must  be  taken  into  consideration  in  finding  the  factor  todjcmttnc 
the  value  of  1  Cc,  of  decri  normal  acid*  The  proportions  in  wbich 
these  alkaloids  ocx^ur  vary  somewhat,  but  have  l>een  accepted  as  eqail 
by  analysts  for  the  prcjsent,  hence  the  Pharmacoptcia  din^cts  that  om^ 
half  the  sum  of  their  molecular  weights  shall  be  used,  whicli  diTiiM 
by  10,000  yields  (^34  -f  394  =  728  ;   728  -4^  2  =  364  ;   2M-^ 
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10.000  ^  0.0364)  0.0364  as  the  amount  of  total  alkaloids  represented 
by  1  Cc,  of  Yu  HjSO^.  As  only  2  Gm.  of  extract  are  directed  tt»  be 
used  for  the  assay ^  the  jierceotage  of  alkaloids  present  may  be  ibimd 
by  multiplying;  either  the  number  of  cubic  centimeters  neutralized 
by  the  alkaloitls  by  1,82  (0.0364  X  50),  or  the  numljer  of  cubic  oeu- 
ti meters  by  0.0364,  and  this  proiiiict,  which  is  the  total  amount  of 
alkaloids  in  the  two  Gm,,  by  50. 

The  chemical  constitution  of  absolutely  pure  alkaloids  has  been 
the  subject  of  long  and  deep  r^eareh*  A  French  book  publishe<l  by 
Professor  Pietet,  of  Geneva,  Switzerland,  in  1891,  euntains  much 
valuable  information  along  this  line  ;  a  German  translation  by 
Wolffenstein  is  accessible  to  those  familiar  with  the  latter  language. 
During  the  past  four  or  five  years  Freund,  of  Germany,  has  added 
considerably  to  the  knowledge  of  the  ci^mstitution  of  alkaloids,  and 
Wright,  Dunstan,  Incc,  and  Short,  of  England,  have  also  contrib- 
uted the  results  of  their  studies?.  Such  investigations  may  eveutu- 
ally  lead  to  the  successful  synthetic  protluction  of  numerous  natural 
alkaloids,  as  has  already  ba^n  possible  in  a  few  instances. 

The  following  natural  alkaloid^s  are  recognized  in  the  Pharroaoo* 
poeia  in  an  uncorabined  state;  Atropine^  Cinehonine,  Codeine^  Mor- 
phine^  Quinine^  Slrifchjiine,  and  Veratrine,  Chfeine,  although  po^ 
sessiug  but  very  feeble  basic  properties,  must  nevertheless  also  be 

fdaeed  in  this  clas^  ;  by  some  authorities  it  is  not  considered  an  alka- 
Old  at  all,  siu(^^  it  is  not  precipitate<l  by  potassium  mercuric  iodide 
solution  and  other  class  i-eagents. 

Salts  of  the  following  natural  alkaloids  are  officially  recogDiJced : 
Atropine,  Cinchonidiiie,  Cinchonine,  Cocaine,  Hyoscine,  Hyoscya- 
mine,  Morphine,  Pilocarpine,  Fhysoi^tigmine  or  Eserine,  Quinine, 
Quinidine,  S[>arteiue,  and  Strychnine ;  also  salts  of  the  following 
alkaloidal  derivatives :  Apomorphine^  liydmstinine. 


The  Official  Alkaloids  and  Alkaloidal  Salta. 

Apomorphine  HYDRocHixniiDE.  C„HiyNO,HCl.  Apomor- 
phinc  may  be  classed  among  tbe  so-called  artificial  alkaloids,  being 
obtainetl  l>y  the  action  of  hydrochloric  aci<l  ou  morphine  or  codeine. 
The  prooeaa  ooDStats  in  beating  either  alkaloid  with  alx^ut  20  parts 
of  pure  hydrochloric  acid  in  a  sealed  tube  for  several  hours  in  an  oil 
bath  to  between  140^  and  150°  C.  (284^  and  302°  F.),  After  cool- 
ing the  liijuid  contained  in  tlio  tube  is  diluteil  with  watcT,  when, 
upon  the  addition  of  an  excess  of  sodium  hi<tirbonate,  ap<jmorphine 
will  be  prccipitatctl ;  the  mixture  is  Hltere<l,  and  the  new  alkaloid 
extracted  from  the  residue  by  means  of  ether  at  cliloroform.  The 
reaction  occurring  in  the  case  of  raorfihine  ap|H*ars  to  be  simply  an 
abfftraction  of  the  elements  of  water;  thus,  Cj^Mi^NOj  —  H,0  ^= 
CiyH«NO, ;  in  the  case  of  codeine,  however,  an  intermeiliate  pro- 
duct 18  formed,  which  in  further  s|>lit  up  into  methvl  chloride  and 
a|x.morplunc,    thus    C.^H.^NO^  +  HCl  =  Cj^H^^ClNO,  ^  H,0 ; 
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C^,H2,C1N(\  -=  C„Hj,N02  4  CH,C1,  I  f  a  few  drops  of  hydn- 
acid  be  added  to  the  ethereal  or  ehlorofbrmic  solution  abo^'e  n*tii-1 
tioned,  aiwrnorphine  liydrrM'hloride  will  separate  in  a  cry^talliot 
form,  and  may  he  rtH^rystnllized  frora  boiliug  water.  The  salt  roiifit 
l)e  thuroiighly  dried  over  giilphnrie  acid  and  carefully  proteftcd 
against  tnoisture,  air,  and  ligbt^  otherwise  it  Bouii  assumes  a  ^swm 
color,  due  to  oxidation, 

Aponiorphine  hydrochloride  is  always  disjH'n«*eil  id  the  fonn  of 
aqueous  soluliou8,  and  amber  vials  should  be  uded  for  llie  nudc;, 
gradual  green  lolonition  of  the  solution  can  be  prrveotitl  l*y  i 
tion  of  a  few  drops  of  |jydro<:hloric  or  acetic  acid.     A 
this  salt  may  be  n^adily  distinguished  from  one  i>f  luorp 
chloride  by  pret»i  pita  ting  the  alkaloid  with  soilium  bictirUiittiiw ;  tbe 
amorphous  residue^  in  the  ease  of  apomurphine,  soon   turtks 
and  irafmrte  to  its  solution  in  ether  a  purplish- violet  color,  am}  fo  ( 
cbloroformic  solution  a  blue  color.     The  alkaloid  nKirphiite  is 
soluble  iu  these  liquids. 

Atropine,  Ciytl^NO,.     This  alkaloid  belongs  to  the  class  knomi 
BB  mydriatic  alkaloids,  so  natued   on  account   of  their   nror)erty  of 
causing  dilatation  of  the  pupil  of  the  eye,  which  occur  io  DeliadoODii 
duboisia,  hyoscyamus,  scojHilta,  and  stramonium^  and  include  atnn 
pine,  belladounine,  hyoscine,  and  hyoseyamine ;  daturinc  and  daboi- 
sinCj  tbrmerly  considereil  as  distinct  alkaloids,  are  now  ktiown  lo  bt 
identical   with  atropine  and  hyt>scyamine  res|>ectively.       Atiroptiii^ 
hyoscine,  and  hyoseyamine  have  the  same  percentage  oompcistiiiB^^j 
aud  the  last  named  can  1:n3  converted  into  the  first  by  tbe  actioo  o|^| 
alkalies  in  alcoholic  solution.     All  three  alkaloids  are  eastlf  deGoni*^^ 
posed  by  strong  acids  and  alkalies. 

Atnipiue  is  found  chiefly  in  belladonna,  being  obtainc*^!  ^bly 

fnim  tbe  root,  as  the  latter  is  richer  in  alkaloid  and  free  1  ifo* 

phyll.     The  finely  powdere<!  root  is  exhausted  with  alcohol,  and  iW^ 
percolate  mixed  with  mlcium  hydroxide  to  di>comfK)6c  the  naturai  salu 
of  atropine  and  liberate  the  alkaloid^  which  remains  in   Dolutioo; 
after  filtration,  the  filtrate  is  acidulate^l  with  dilut4xl  i^nlplmric  aeid, 
concentrated  to  remove  ahnvhol,  fat,  and  re^in*  and  trcjU*^!  with  alkali 
carbonate  in  excess.     The  precipitated  atropine  is  r  wasbfd 

with  water,  and  dissolved  in  alc<jhol ;  to  this  alcxjholt  .    -o  watrr 

is  added,  lirop  by  drop,  to  incipient  turbidity,  and  tbe  alkaloid 
allowed  to  cry^taliizct  Other  bases  present  remain  in  the  moiher* 
liquor,  but  ^roall  quantities  of  hyoseyamine  always  accoiupany  tbt 
commercial  article. 

Atropine  is  a  monacid  Imse  {KMessing  markiHJ  alkaline  propcrtici; 
it  is  capable  of  det-ompoBing  mercuric  and  mcrcurous  chloride  with  \ 
tlie  formation  of  the  resixtrtive  oxides ;  it  also  reddens  pheuulpbtakiil 
paper,  and  restores  the  olue  color  of  reddened  litmus. 

The  melting-point  of  atropine  is  incorratlv  stated  iu  tlir  Phar* 
macopaeia  to  be  10^°  C.  (22G.4^  F.);  if  pure,  it  melts  at  ILV"  Ci 
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(239**  F.),  but  this  is  largcl v  affected  by  the  pregence  of  hyascvamine, 
which  itself  melts  at  108**  C. 

Atropine  Sulphate,  (Cj^Hj^NOJ^  II^SO^,  This  salt  may  be 
prepired  cither  by  adding  atropine  slowly  to  a  mixture  of  sulphuric 
acid  and  alcohol  or  by  dissolving  atropine  mijced  with  water  by 
means  of  diluted  sulphuric  acid.  In  either  case  a  |)erfeot!y  neutral 
solution  must  Ije  obtained,  which  is  then  evaporated  to  drynt*sr<,  at  si 
temperature  below  40*^  C,  (104®  F/).  Some  of  the  wrainenial  salts 
show  an  acid  reaction  when  dissolved  in  water,  and  are,  therefore, 
unfit  for  use. 

Caffeine.  C^Hj^Np,  +  H^O.  This  feebly  basic  substance  oe- 
curs  in  a  number  of  plants  belonging  to  different  natural  orders, 
thus,  in  coffte,  tea,  kola,  and  paullinia,  jissociated  with  tannin  and 
varies  in  amount  from  It^s  than  1  to  5  per  cent,  of  the  dried  materiaL 
For  commercial  purposes  it  is  usually  obtained  from  powdered  coffee* 
beans,  not  roasted,  or  preferably  the  fine  uosalable  particles  of  tea- 
leaves  (tea-leaves  being  also  much  richer  in  caffeine),  by  exhausting 
the  same  with  hot  water,  adding  a  solution  of  lead  acetate  in  alight 
excess,  whereby  tannin  and  eoluriDg- matters  are  precipitated,  filtering, 
adding  ammonia  water  to  remove  exc^ess  of  lead  salt  aud  again  filter- 
ing. The  filtrate  is  concentrated,  hydrogen  sulphide  added  to  re- 
move any  lead  still  remaining,  filtereil  and  further  evaporated  to  the 
crystallizing- point.  Milk  of  lime  is  also  sometimes  used  to  remove 
tannin,  fat,  coloring- matter,  etc.,  and  is  added  to  the  powdered 
material,  the  mixture  being  then  exhausted  with  warm  80  \yev  cent, 
alcohol  ;  the  |>ercolate  is  diluted  with  alK>ut  one-sixth  its  volume  of 
water  and  distilled  to  recover  the  alcohol.  The  aqueous  residue  is 
filtered  and  crystallised.  If  necea«iry,  the  product  is  redissolved, 
filtered  through  bone  black,  and  again  crystallized. 

Caffeine  is  very  soluble  in  boiling  water,  2  parts,  and  also  in 
chloroform,  7  parts,  but  ni]oir€S  80  parts  of  cold  water  for  solution, 
which  quantity  is  very  materially  reauced,  however,  by  the  presence 
af  certain  other  substanees,  such  as  sodium  benasoate,  bromide,  sali- 
cylate, and  cinnamate,  and  even  antipyrine. 

The  caffeine  derive*!  from  different  sources  is  now  considered 
identical,  although  the  names  theine  and  guaranine  are  still  occasion- 
ally used. 

Chemically,  caffeine  is  a  derivative  of  xanthine,  as  shown  by  the 
murexide    reuetion    mentioned    below,    i>eing   known    as   trimethyl 
xanthine,  CjjH(CH5)jN40„  and  sometimes  also  called  methyl  theo- 
bromine.   It  lias  Ix'en  prejmred  synthetically  by  the  action  of  methyl 
iodide  on  theobromine,  C\n(CHj)2N40j,  a  liawic  sutistance  found  in 
I  ti<*iio  iK'aMg. 
^^m  When  treated  with  chlorine  water  or  hydroc^hloric  acid  and  potaft- 
^^■ira  chlorate,  as  directed  in  the  I*harmaco|xeia,  caOeine  yields,  ujion 
^^mporatiou  to  drynea*^,  a  substance  known  as  aiTUilic  acid^  which,  in 
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the  preseuee  of  air  and  ammonia,  forms  murexoiii  qt  U 
murexide,  Cg{CH3)4N^Oe(NH4),  of  a  rich  purple  color;  ihb 
characteristic  of  catfeioe  and  theobromiue. 

CiNCHONIDrNE  SULPHATE.  {C^^U^p\l{,SO^  i  3H,0.  Cm 
elionidine  is  one  of  the  four  important  aJkaloidit  found ,  animfi 
large  number  (32),  in  cinchona  baric  and  occurs  in  grnaler  |ir 
in  the  so-called  red  bark,  derived  from  cinchona  <tuccirubra,  than  ifl 
others.  The  sulphate  is  obtained  from  the  mother- liqutirs  left  ii 
the  aianuiaeturc  of  quinine  8ulphate  and  is  puritied  by  fnutioml) 
cj'ygitalliKatiou.  The  of!ieial  galtj  containing  but  three  raoleoala^ 
7.29  +  jjcr  cent.,  of  water  of  crystallization,  is  the  result  of  iiaiig 
a  hot  concentrated  solution,  for,  if  the  salt  be  crystaltifled  ftmi 
weaker  solutions  it  will  contain  six  moleoulc6|  or  14.6  per  cent. 
water. 

Absolute  purity  of  the  salt  is  not  practicable,  nor  deniand^d  brj 
the  Pharmacopoeia,  hence  a  slight  fluorescence  is  sometimi-s  ob^CTTiJl 
in  solutions  of  the  salt  made  with  diluted  sulpharie  add.  Tbt 
official  test  with  Rochelle  salt  and  ammonia  water  depends  upon 
the  insolubility  of  cinchonidine  tartrate,  the  tartrates  or  einehoniiii^ 
and  quiuidinc  being  dissolved  and  {^precipitated  upon  additiOD  of 
ammonia. 


CiNciJONiNE.     Cj^HqNjO.     This  base  is  present  in  all  ciodioiii 

barks  and  may  he  obtained  from  the  mother- liquors  of  tjQifitfie  wil- 
phate,  by  precipitating  these,  after  dilution,  witJi  ammonia  or  miA^ 
and  dissolving  the  resulting  precipitate  in  boiling  aloobol,  whai 
uj>on  fooling  cinchonine  will  separate  in  a  crystalline  fomi,  being  &r 
less  soluble  in  cold  alcohol  than  the  other  alkahuds  present*  If  boil* 
ing  alnihol  lie  used  for  the  extraction  of  the  mixed  t)ases  in  tbf 
manufacture  of  quinine  sulphate^  cioehoninc  will  also  crysUiUiiii 
from  this  upon  cooling.  Id  either  case  the  alkaloid  may  be  iMirtfied 
by  resolution  and  recrystallization. 

Pure  cinchonine,   like  pure  cinchonidine,  shows  no  blue  flu 
CBOence  in  a  solution  made  with  sulphuric  acid,  nor  is  citlicr  alkado 
appreciably  soluble  in  ether.     They  ditler  I'roni  each  otJicr  in 
optical    rotation^  cinchonine   being  dextrorotatory  and   eitidioiiidiii 
laevorotatory. 

CfNcuoNiNE  Sulphate.      (Ci,H22NjU)2U3NU^  j  2UjU.      Thil 
iiflual  process  for  making  this  salt  is  tu  disnolve  the  alkaloid  cincibo* 
nine  in  warm  diluted  sulphuric  acid  until  the  acid  b  neutnilijRt]  and 
then  ix>nc4Mitrate  and  crystallize  the  solution.     The  Pbartnnc 
requires  the  absence  of  more  than  5  per  cent,  of  water  of  en> 
tion.     Cini'houine  sulphate  maybe  readily  di^t         '  *     ' 
chonidine  !*ulphate  by  its  greater  solubilitv  in  t 
not  over  80  parts  for  solution,  while  the  latter  rt^uirets  abuut  \l 
parts. 


IKALOWS. 


Cocaine  HYDRrjoHLfminp:,  Cj^H^iNO^.HCl.  The  leaves  of  ery- 
ihroxyloD  c(»ca  coutaiu  a  mimbcr  of  liasic  principles,  all  derivatives  of 
ecgonine,  C^H^jNO,,  of  wliieh  coc-aine  is  the  most  important  ;  other 
non-crystal  I  iza  hie  bases  are  truxilline  or  isatropylcocaioe  (known 
also  as  coeamine),  C^^^Hg3NO^,  hygrine,  Cj^HijN^  and  cionamyl* 
cocaine,  C^gHjaXO^.  Cocaine  appears  in  the  plant  united  with  coca- 
tannic  acid.  The  processes  eoiployed  for  the  isolation  of  ecx^aine  are 
usually  guarded  as  secrets  by  manufacturers,  and  it  is  known  ttiat 
large  quantities  of  the  alkaloid  are  now  prepared  synthetically,  owing 
to  the  difficulty  of  extracting  pure  cocaine  in  remnnerative  quan- 
tities  from  the  dru|^. 

When  finely  powdered  coca  leaves  are  moistened  with  solution  of 
sodium  hydroxide  and  then  treated  with  petroleum  ether,  kerosene, 
or  gasolene,  the  alkaloids  present  are  liberated  and  taken  up  by  the 
menstruum,  irom  which  tliey  can  be  transferred,  as  stdts,  to  diluted 
sulphuric  acid,  through  intimate  tx^ntact  by  agitation*  If  to  this 
acia  solution  solution  of  S4)da  he  addeil  in  cxr^ess,  cocaine  mixed  with 
8ome  of  the  lesser  alkaloids  will  Ik*  prwipitated,  the  bulk  of  the 
hygrine,  however,  remaiuing  in  solution ;  the  crude  cocaine  may  be 
removed  by  filtration  and  expression  and  purified  by  crystallization 
from  alcohol.  As  the  yield  of  ax-nlne  is  known  to  decrease  mate- 
rially by  transportatiou,  no  doubt  owing  to  deconi position,  the  result 
of  fermentation  in  the  irajierfectly  dried  and  tightly  packed  leaves, 
the  bulk  of  the  natural  alkaloid  is  now  manufactured  in  South 
America,  in  places  adjacent  to  the  source  of  gatheriug  tlie  leaves, 
processes  of  extraction  very  similar  to  the  above  being  employed. 

In  order  to  avoid  loss  of  the  decomjKisition-products  and  other 
alkaloids  accompanying  cocaine  in  the  crude  article,  the  pure  alka- 
loid is  now  extensively  prepared  by  synthesis,  in  the  following  man- 
ner, which  is  possible,  since  the  chemical  constitution  of  cocaine 
IB  definitely  known  to  l)e  methyl  benjioyl  e<Hronine.  Boiling  the 
mixed  bases  with  hydnichloric  acid  converts  them  all  into  et^uine, 
C^H,jjNO^,  and  if  w'gonine  hydrochloride,  C^Hj^NO^HCt.  be  dis- 
solved in  methyl  alcohol  and  the  solution  tntiled  witli  dry  hydro* 
chloric  acid  gasjiydrochloride  of  methyl  ecgonine,  CjHj^CHjNOjHCl, 
will  be  formed  and  can  be  crystal liz<xl  from  an  alcoholic  solution. 
By  heating  this  latter  compound  with  benzoyl  chloride,  C,II^OCl.  in 
a  water-bath,  until  hydrochloric  acid  is  no  longer  evolve*!  and  a 
homogeneous  mass  results,  cot^aine  is  obtained,  which  is  freed  from 
benzoic  acid  by  solution  in  water,  filtration,  precipitation  of  the 
alkaloid  with  ntnmontaand  recrvstallization  from  alcohol.  Synthetic 
cocaine  is  identit^al  in  ev<Ty  rcsi»ect  wifh  the  naturnl  alkaloid* 
\  Cocaine  hydi*tK*li!t>nde  is  jjrepared  by  dissolving  the  pure  alkaloid 
^idiohoUc  solution  of  hydrochloric  acid  and  crystallizing  the  anhj« 
drons  salt,  which  latter  only  is  recogniaseil  in  the  Pharraacopooia, 

The  two  mont  important  tests  for  the  puritv  of  the  j^alt  are  those 
with  potassium  permanganate  and  with  hot  hydrochloric  acid  ;  the 
former,  given  in   the  Pharmacopieia,  depends;  upon  the  stability  of 
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<X)caiue  permanganate.     If  pure  ettcaiut*  uy<ir'*  '  '       '     t>*-  <-ird 
warmed  in  a  test-tube  with  about  four  times  its  I  •stn»ri|^ 

droehloric  acid,  until  the  mixture  begins  to  boil,  a  c»jlorl«'>*-  .--Jufr^ 
results;  the  degree  of  color,  if  there  be  any,  is,  in  a   ri»L*3--^ijn%  ^g 
indimtion  of  tlie  amount  of  impurities  present;  the  color  Uitii 
tained  should  nevei*  exceed  that  of  a  pale  wine  tint 

Codeine*  CjgHjiNO^  +  H^O.  This  alkaloid  is  obtain«J  fn<ii1 
opium,  where  it  exists  to  the  extent  of  from  J  to  J  j>er  cufpt.  aluajc ' 
with  morphine,  by  treatment  of  an  aqueous  infusion  of  opium  with 
chalk  and  miciura  chloride,  whereby  oodeiue  and  raorpliiiie  hjilro* 
chlorides  are  formed  and  tmn  Ije  purified  by  rept^tetl  crvHtalltiaitiofL 
If  a  solution  of  these  crystals  he  treated  witli  amraonia,  tnorphiw 
will  Ik?  precipitated  while  codeine  remains  in  Sijlution  and  may  be 
recoveretl  by  crystallization  ;  if  pota-^sa  or  soda  be  u^ed  in  iibor 
of  ammonia,  codeine  will  be  precipitated,  the  morphine  *~~ 

in  solution. 

Codeine  crystallizes  from  an  aqueous  solution  with  one  mofc 
(5.67  |>er  cent.)  of  water,  which  constitutes  tlie  offi*"ial  article  ; 
crystallized  from  ether  or  earlxjn  disulphide,  it  i«  ^u«.     Ittl 

crystals  are  larger  and  more  soluble  in  water  than  tli  my  olbir' 

alkaloid.  Although  the  free  alkaloid  only  is  reeogmzed  in  the  Pbtr* 
macop<eia,  the  sulphate  and  pliosphate  of  codeine  are  largely  u«d  bjr 
physicians;  they  can  Ix?  prepared  !)y  neutralizing  an  aqueous  solutioii 
of  the  alkaloid  with  the  re8j>ective  acid  and  cry  still  lining, 

C'hemit-'allv,  cmleine  is  ch>8ely  allied  to  morphine,  as  shown  by  ! 
formula,  Ci^lli^CHiNO.,  which  differs  from  that  of  moqiliior  by  i 
methyl  group,  hence  the  name  methyl  morphine.  When  bemled 
with  strong  liydroc.hlorie  acid,  in  a  sealed  tul>e,  both  alkaloids^  yieU 
apomorphine,  but,  if  heated  to  180^  C.  (356^  F,)  with  m  oonaeiK 
tnited  solution  of  zinc  cldoride,  codeine  yields  apoeodein^,  wkilit 
morphine  again  yields  apomorphine.  Codeine  has  been  prepand 
synthetically  by  healing  morphine  with  methyl  iodide.  The  name 
codeine  is  derivetl  from  the  Greek  word  xmilua^  meaaing  hesd,  m- 
ferring  to  the  source  of  the  alkaloid,  poppy  heads, 

HYnRASTiNiNE  IIvDuociiLORiDE.  Cnni,NO,HCL  The  alka* 
loid  hydrastinine  dt»t*s  not  (MX»ur  in  any  plant,  but  is  an  arlificial  Ittst 
obtaimxl  by  oxidation  <»f  hydrastine^ — the  white  alkaloid  found  ta 
hydraslis — in  acid  solution,  by  means  of  potassium  dichroniate  nr^ 
[lermanganate.  Since  the  use  of  this  basic  principle  and  its  salts  i* 
yevy  limitc^^  it  seems  particularly  strange  that  tlie  Pharmaoiii 
should  have  bailed  to  recognize  hydrastine,  which  is  far  mon  «£• 
tensively  emplnye<l,  and  yet  have  given  prominenoe  to  one  iif  ila 
d er i  va t  i  ve  p  r cm  1  u  cts . 

This  salt  differs  from  hydrastine  hydrochloride  in  being  I'olorvdH 
its  aqueous  solution  is  not  affecterl  by  ammonia  water^  whtle  bydimt-' 
tint  isprecipitateil  from  a  solution  of  its  salts  under  like  ein?tinistaiK<a. 


Hyoscine  Hyduobromide.  C,,H^^NO^HBr-h3H.jO,  or  C^H^,- 
NOgHBf-f3H^O,  Hyoaeine  is  an  amorplious  alkaloid,  occurring  in 
the  plants  belonging  to  the  natural  ortler  of  the  Solanaceae,  aa&cx^iatcd 
with  hyoscyamiiie  and  atropine.  It  18  found  in  lar^rest  quantity,  about 
^  or  A  per  cent.,  in  the  seed  of  hyaseyarnus  and  the  leaves  of  the 
anboiaia*  For  comnierctal  purjMises  hyoscine  is  obtained  from  either 
of  the  above  sources,  chiefly  henbane  seed,  by  exhaus^tio)^  the  drug 
%ith  80  per  cent,  alcohol,  recoverinir  the  alcohol  by  distillation  ana 
netting  the  residue  aside  for  several  days»  when  a  fatty  layer  separates 
from  the  aoueous  solution  of  the  mixed  bases  in  combination  with 
organic  acios.  By  addition  of  alkali  carl>onate  to  the  aqueous  84jhi- 
tion*  the  alkaloids  are  lil>erated  and  may  be  at>stracted  by  agitation 
with  ether.  Ui>on  evaporation  of  the  ether  a  syrupy  liquid  is 
obtained,  from  which  nearly  all  the  hyoscyaraine  present  crystallizea 
out;  the  hyoscine  may  be  isolated  from  the  motherJiquor  by  con- 
^'erting  it  into  an  aurochloride,  separating  the  same  by  fractional 
crystallization,  redissolving  in  water,  and,  after  removal  of  the  gold 
by  means  of  hydrogen  sulphide,  precipitating  the  hyoscine  from  the 
filtrate,  by  alkali  carbonate,  in  the  form  of  an  oily  layer,  which  may 
be  purified  by  solution  in  chloroform  and  evaporation  of  the  solvent. 
When  prfectly  pure,  hyoscine  o«x!urd  as  a  tenacious  syrupy  mass. 
No  doubt  manufacturers  employ  a  lees  expensive  method  of  separating 
hyoscine  from  hyoscyamine,  but  guard  it  as  a  secret. 

The  official  salt  may  be  obtained  by  dissolving  hyosdne  in  a  very 
slight  excejss  of  diluted  hydrobromic  acid,  concentrating  the  solution 
and  allowing  it  t(j  crystallize.    It  contains  about  12.5  i>ercent.  of  water. 

Although  the  Pharmacopceia  has  adopted  for  byoseioe  the  formula 
of  He^ise  and  Sclmiidt,  CjyHjiNOj,  Ladenburg  and  other  authorities 
give  it  as  Ci^HjjNO^,  making  the  alkaloid  isomeric  with  atropine 
and  livoscvamine. 


Hyoscyamine  Hyduobromide.  CiyH^NOjHBr,  The  method 
for  obtaining  the  alkaloid  hyosi^yamine  i%m  been  oullined  in  the  pre- 
ceding article.  The  hydrobromide  may  be  pR^imreil  like  the  cor- 
responding salt  of  hyoeeine,  but  forms  anhydrous  crystals. 

Hyoscyamine  StLfHATE.  (C^^H^jNO^XH^SO^.  This  salt  is 
obtained  by  dissolving  hyoscyamine  in  sufficient  diluted  sulphurio 
acid  to  form  a  neutral  solution,  which,  after  proper  concentration,  is 
allowed  to  crystallize.  Both  this  and  the  prcceaing  salt  may  lie  dis- 
tinguished from  the  corresponding  salts  of  atropine  by  forming,  uj>on 
addition  of  gold  chloride  te-^t-^olution  and  reeryatidli/^ition  of  the 
pre^'ipitntefrom  hoi  ling*  water,  minute,  lustrous,  golden-ycllow  scales, 
while  the  atropine  salts  yield  crystals  forming  a  yellow,  lustreleas 
{lowder,  on  drying. 

MoRiMUNE   C,.H^.,NOj-rHp.     This  is  the  most  rr  <   of 

Ibe  l^Tffi  number  of  alkaloids  found  in  opium,  and^  as  Ix  it«^i, 
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wa3  the  first  basir  principle  i9<:»lated  from  plants.     It  wa^s  I'alk^f 
its  discoverer  morphium,  after  the  Greek  deity  Mofufif:,  tb*:^  Gin]  (( 
sleep,  on  account  of  ita  sleep*producing  properties*. 

Morphine  is  present  in  opium  in  varying  qiiantititi^,  rca^^hini:  .i^ 
high  as  12  or  H  per  cent,  in  some  samples  of  commercial  opinni  n  t 
dried ;  the  Pharmacopoeia  I'etjognizes  no  imdried  opiuni  contjiifiini^ 
less  than  0  per  cent,  of  morphine  and  demands  from  l#i  to  15  per 
cent,  in  the  powdered  article*     It  was  formerly  sn  to  exiit 

in  combination  with  raec^^nic  acid  only,  but  is  m^  o  to  br 

present  hirgcly,  if  nut  altogether,  as  sulphate, 

Morphioe  for  commerce  may  be  obtaim*<l  in  si'vemi  wavs;  tbo 
natural  salts  Ijeini?  soluble  in  cold  water,  opium  is  t^jchunsirtl  witb 
this  menstruum,  and  the  infusion,  after  concentration,  f  i  '    Ilbfef 

with   sodium   carbonate   or  with   chalk   and   <-alcium  vl  tht 

latter  pro<>ess  is  pieferahle,  since  meconic  acid  an<l  <N>lorit»sr*ntitUer% 
arc  precipitated  as  lime  compounds,  while  the  alkaloids  an*  of>o  verted 
into  soh]ble  chlorides.  AfW  filtration  the  filtrat<^  is  coDri»iitnj 
and  yields  a  crystalline  mass  of  morphine  and  t^eine  cblorido; 
nareutine  remains  in  solution  in  the  dark-colored  motber-Hijuon; 
the  crystals  are  piu'ified  by  re>*olutioo  in  water,  tiltration  ibraa|*b 
animal  charcoal,  and  re^Tyst alligation.  Finally,  the  mixed  aalts  at? 
dissolved  in  water  and  decomposed  by  addition  of  ammonia  nmter, 
whereby  the  morpliine  is  prec»ipitat^,  the  codeine  remaining  in  id  it- 
tion.  The  morphine  is  subsequently  recrystallizttl  from  hot  alcofaoL 
Other  methtxis  are  known,  and  manufacturers,  probably  io  earh  cam^ 
follow  some  favorite  process. 

The  alkaloid  morphine  is  rarely  used  in  pharmacy,  excyrpt  in  ill* 
preparation  of  the  various  oleates  of  morphine*     The  offidal  mrtkfe 
contains  about  5.94  per  cent,  of  water  of  crystidlization,  whidi 
readily  loses  at  110^  a  (230°  F.),  but  parts  wilL  very  si 
tcm[)crature  of  a   Ixji ling-water  bath.     Owing  to  the  - 
morphine  in  stjlutions  of  the  fixed  alkali  hydroxitl^H  :i 
io  ether,  as  well  as  its  ehararteristic  reactions  with 
it  is  readily  distinguished  from  other  alkaloids. 


I 


ttXhii/in^  it^tiL-*, 


Morphine  Acetate.    C,.H,»N0^C,HA+3H,0.    This  alt 

Srepared  by  dissolving  the  alkaloid  morphine  in  a  slight  excen 
iluted  acetic  acid  and  evapoi'ating  the  solution  to  drvni*^^  with 
aid  of  a  moderate  heat,  90  as  to  avoid  detx>m position.     It  ^  tin 

in  a  crystalline  form  on  the  market,  but  always  in  p^  .  ,  :  jrow 
Morphine  acetate  is  easily  decomposed  by  heat  or  exp<i«arc  to  mir, 
and  the  partial  insolubility  of  the  salt  somctirnes  oI>st*rv(Hl  i«  due  la 
such  change,  cause^l  either  hy  (Carelessness  during  eva|M»mtio€i  of  the 
solution  or  cxp<»snre  to  air  ami  light ;  when  such  a  t^HidiiiiHi  esiiis 
a  drop  or  two  of  diluted  n<Ttic  acid  should  \h}  luldeil  in  prcNlcioe  fet^ 
feet  solution.  This  salt  is  |>retcrre<l  by  (lerman  practtiti^cian 
medicine,  while  in  Great    Britain  the  hydrochloride    is  givau 
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pfuferoDce,  and  io  tbjs  country  tbe  sulphate;  of  the  three  salts,  the 
aostate  is  tbc  most  soluble  id  water. 

Morphine  HYDROcHLORmE.  Cj^HiyNO^HCl  -f  ZHfi,  i>y 
ring  dilute  hydrochloric  acid  as  a  solvent  tor  morphine  alkaloid  a 
riution  of  this  salt  is  obtained,  which,  upon  cx>neenl ration,  yields 
ellHlefined  crvrttals  containing  14.38  per  cent,  of  water;  an  excesa 
of  acid  should  be  avoided,  as  the  salt  is  very  Citable  and  must  have 
a  neutral  reaction.  As  rnadc  in  this  country,  morphine  hydrochloride 
occurs  in  large  masses  of  feathery  crystals,  and  is  more  bulky,  weight 
for  weight,  than  the  sulphate.  It  can  l»e  rendered  perfectly  anhy- 
drous at  a  temperature  of  100^  C.  (212'^  R). 

Morphine  Sulphate.  (C^^Hi^KOjXHjSO.  +  5HjO.  Next  to 
quinine  sulphate  there  is  probably  noalkaloidal  salt  more  extensively 
used  by  physicians  than  this  one,  and,  unfortunately,  its  unauthor* 
ized  use  among  the  laity  is  on  the  increase  in  this  country,  owing  to 
the  lack  of  sufficient  legal  restrictions  and  the  cupidity  nf  certain 
pharmacists  and  dealers  in  drugs,  Like  the  two  preceding  salU, 
iDorpliiue  sulphate  is  made  from  the  alkaloid  by  dissohnng  the  same 
in  sufficient  diluted  sulphuric  acid  to  torm  a  neutral  solution  and 
setting  this  aside  to  crystallize*  The  official  salt  contains  11.87  pcT 
cent  of  water  of  crystallization,  of  which,  however,  only  a  part,  7.12 
per  cent.,  can  be  expelled  at  the  temperature  of  a  boiling* water  bath* 

An  aqueous  solution  of  morphine  sulphate  is  largely  used  in  some 
parts  of  this  country  under  the  name  Mngendir*^  Solution;  it  con- 
tains 16  grains  of  the  salt  in  each  fluidounce,  which  is  equal  to  about 
^  of  a  grain  in  each  minim.  As  acpie^ius  solutions  of  morphine 
sulphate  do  not  keep  welt  for  any  lengtli  of  time,  one-half  grain  of 
•al  icy  lie  acid  has  l)een  used  in  each  fluidounoe  of  this  solution  witl* 
Kcellent  results.  Prior  to  1880,  a  solution  of  morphine  sulphate 
officially  recognized  in  the  Pharmacopceia  ;  this  solutioo  con- 
i^ned  only  one  grain  of  the  salt  in  each  fluidounee,  and  must  not 
be  confounded  with  Mogendie*s  solution. 

Phybostigmine  Salicylate.  Cj^HjiN^OjCyHaOy  The  alkaloid 
physostigmine  occurs  in  calabar  beans  to  the  extent  of  rarely  more 
than  one-t4'nth  of  one  per  cent.,  and  its  isolation  requires  considerable 
care,  owing  to  ite  ready  decomposition.  The  usual  method  of  extnic- 
tion  is  to  exhaust  the  powdered  bean  with  85  per  cent,  alo^hol^ 
ai>d  wnt^ntrate  the  tincture  in  a  \Ticuum  apparatus  to  a  syrupy 
tf>nsisten('e ;  the  refiulting  extract  separates  into  an  upf*er  layer, 
consisting  of  fat,  eU\^  and  a  lower,  aqueous  solution  of  the  natural 
salts  of  the  alkaloiiis.  By  treating  the  aqueous  layer  with  sodium 
biearlKmate,  and  tlieu  repcate*1ly  shaking  with  ether,  the  liberated 
physostigmine  may  Ix^  extracted  ;  the  ethereal  solution  is  next  treated 
with  dilutixl  sulphuric  acid,  so  m  to  ol>tain  a  solution  of  the  alkaloid 
I  sulphate,  leaviug  impurities,  fat^  resiu,  etc  ,  in  the  ethereal  liquid. 


Pharmaceutical  chemisthi. 

The  pure  alkaloid  is  finally  obtairie<l  by  decomposing  the  «tt!| 
with  sodium  biearbonate,  extracting  again  with  t'ther  nod 
Ibing.  Heat  must  be  avoiderl  as  far  as  poasibli*,  also  the  usm  vX 
stronc^  alkalies,  as  in  the  ease  of  tfje  mydriatic  and  other  mtil jf  deooiB* 
posuble  alkaloid-s. 

The  name  eserine^  \\y  which   phyeostigraine  is  aba  known,  wii 
<]erived  from  the  word  ^^^re,  meaning  split  nn\^  the  QEnie  applied 
by  the  Africao  negroei^  to  tlie  c*alabar  bean,     Calaberioe  m  the  mmie 
given  to  another  alkaloid  present  in  the  bean,  wbich^  however^  is  i 
insoluble  in  ether. 

Physostigmine  salie^^late  may  be  pi'eimred  by  neutrar  '  >lu- 

tion  of  the  alkaloid  in  absolute  alcohol  with  pure  salicyl  tbt  ' 

salt  gradually  Bepar-ateg  in  netdle-sha|^d  crystals,  free  from  cjolor^ 
which  can  be  then  dmineii  and  dried. 

Some  of  the  sa1t8  of  physo^tigmine  and  their  aqueotis  salutioot 
readily  assume  a  reddisli  color  when  exposed  to  bglit  and  air,  hemr 
they  must  be  dispensed  in  tightly  closed  aml»er  vials;  the  Dame 
rubereserine  has  l>eeu  given  to  tlie  nsX  siibjutance  thus  fornnnL  Tbe 
salicylate  is  less  liable  to  change  by  exposure  to  light  than  tlit  oliMr 
salts;  but,  owing  to  its  slight  solubility  in  water,  is  far  l«9  oad 
than  the  sulphate. 

Phys<355tk;mine  Sulphate.  (Ci5HoiN'50j)iH2S04.  The  iir 
tion  of  this  salt  has  already  been  indicated  above  in  conQixHioii 
the  extraction  of  the  alkaloid  from  the  drug;  by  carefully  oeatial* 
iging  an  alcoholic  solution  of  physostigraine  with  sulDburic  add  aod 
concentrating  the  solution  to  a  syrupy  liquid,  at  moacrale  teoiptni* 
ture,  crystals  of  the  salt  may  be  obtaiDed.  The  cM>mmerotal  articb 
is  rarely  entirely  free  from  color,  generally  occurring  in  yellowiahy 
amorphous,  very  hygroscopic  masses. 

This  and  the  preciiling  salt  are  used«  in  the  form  of  salution  and 
gelatin  disks,  for  the  purpose  of  prmlucing  myosis  or  cootmclioo  ul 
the  pupil  of  the  eye* 

PJUXLARFMNE  IlYimorittx^RiDE.     Ci,H,gN,OJIUI,     Pilof^rpiijl 
or  jaborandi  leaves  contain  thi-ee  alkaloids,  of  wluch  only  onf%  bow*  j 
ever,    is   of    pharmacentiL-al    interest — namely,    piloairpin*?^    which/ 
occura  in  variable  quantities,  often  not  exceeding  one-half  per  cifoLJ 
It  may  be  extracted  by  means  of  aloohol  atndulaied   with   h/cT 
chloric  acid  ;  the  resulting  tincture  is  concentrated,  when  tcsin^  firt,^ 
etc.,  separate,  the  remaining  liquid  is  treated   with  amiDooia  i 
and  the  liberateil  alkaloids  extracted   by   repeated    a^itatioci 
cljloroft»rm,  the  chloroform ic  solution  being  evaporated  to  a  a¥rn|iy 
consistence  and  neuti-alized   with  nttric  acid,  the  rcattltiiig  nitfals 
being   taken  up  with  alcohol,   from    which  the  pilocarpi  Em  nitralt 
crjstallizes  while  the  nitrates  of  pilocarpldiae  and  jal>oriDe  remain 
in  solution  ;  by  dissolvin<;  the  crystals  in   water,  adding  annnoiiia 
water  in  exoesa  and  shaking  the  mixture  with  chloroform,  pun*  pU»> 


carj>ine  may  1>€  obtaineil  as  a  colorless  syrupy  liquid  upon  evapom^ 
tion  of  the  chloroform  sohition. 

The  hydrochloriJe  h  prepared  by  neutralizing  the  alkaloid  with 
dilute  hydrochloric  acid  aud  evajioratioj^  the  resulting  solution  to 
dryness,  when  it  is  obtained  as  a  crystalline  puwden 

The  salts  of  pilocarpine  are  used  chiefly  as  diaphoretics  and 
sialagogues,  but  possess  also  decided  myotic  projjerties,  like  physos- 
tigmine. 

QujxiDiNE  Soi^PHATE.  (C^H3,Np,),H2S04+2H,0.  Quini- 
dine  usually  I'emains  in  the  mother-liquors  from  the  crystallization 
of  quinine  sulphate,  from  which  it  may  be  obtaine*!  by  adding  a 
large  exccj^s  of  ammonia  water,  whereby  ciuchoniue  and  cinchoni- 
dine  are  thrown  down,  while  quinidine  remains  in  solution  ;  it  can 
subsequently  lie  pre<rp»tate<]  by  means  of  caustic  soda  and  dissolved 
in  diluted  sul|»hurie  acid,  the  resulting  salt  being  purified  by  recrya- 
tallizatidn.  From  the  pnritietl  alkaloid,  obtained  by  precipitation 
with  Soda,  the  sulplmte  can  l)e  readily  prepared  by  solution  in  just 
auflicieut  warm  diluted  acid  to  neutralize  the  same* aud  er^'stalliziuj;; 
if  an  excess  of  acid  he  used,  a  salt  differing  from  the  official  salt  will 
be  formed. 

(Quinidine  sulphate  somewhat  resembles  official  quinine  sulphate 
in  appearance,  anrl  Ims  some  chemical  properties  in  common  with  it, 
but  may  be  distii]gui^:hed  by  its  greater  solubility  in  water  and  in 
alcohol  and  by  being  precipitated  io  concentrated  aqueous  solution 
by  potassium  iodide.  Its  solutions,  like  those  of  quinine  sulphate, 
form  tha]leio(|uin  and  show  a  blue  fluorescence  when  acidulated 
witii  sulphuric  acid. 

Quinine,  C^H.^Xp^4-3H.O,  This  is,  no  doubt,  the  most 
im{K>rtant  and  extensively  used  of  all  alkaloids.  It  occurs  to  a 
varying  extent  in  the  different  species  of  cinchona,  the  yield  having 
increased  greatly  with  careful  cultivation  of  the  trees  in  India,  Java^ 
etc  The  bases  present  iu  cinchona  bark  exist  in  combination  with 
quinic  or  kiuic,  quinovnc,  and  cinchotannic  acids,  and  are  usually 
extracted  by  means  of  acidulated  water.  The  infusion  is  coucen- 
trateil  und  mixed  with  milk  of  lime,  whereby  the  alkaloids  are 
liberated  while  the  calcium  compounds  of  the  organic  acids  are  pre- 
cipitated together  with  much  coloring-matter.  By  straining  the 
mixture  and  exhausting  the  residue  repeatedly  with  lioiling  alcohol, 
amy  I  alci>hol,  petroleum  benzin  or  kerosene,  a  solution  of  the  crude 
alkaloids  is  obtained,  from  which  the  latter  may  be  transferred  as 
sulptiates  by  treatment  with  dilute  sulphuric  acid.  Another  plan  is 
to  mix  the  powdered  bark  with  solution  of  so<la  or  milk  of  lime, 
whereby  the  natural  combinations  are  broken  up  and  the  alkaloids 
libemlAxl  ;  the  mixture  is  tlicn  exhatiste<l,  in  a  suitable  apparatus, 
with  hot  ahn>hol  or  kerosene,  from  which,  after  proper  cct  um, 

th€  alkaloids  are  extracted  as  acid  isul Pilate's  by  means  of  aul[  i -id. 
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In  either  ease  the  acid  solution  is  treated  with  animal  cU 
and  the  liqnid,  while  hot,  after  filtration,  neutralized  wiHi  n*A% 
of  smla,  when,  upon  cooling,  neutral  quinine  sulphate  en 
and  may  l>o  purifie*!  by  resolution,  recrystallization,  eU\       i W* 
alkaloitis.  iu<*lu<Ving  aUo  small  quantities  of  quiuine  ^ulphau*.  remam  i 
in  the*  mother-liquor  and  may  l>e  recovered  aa  stilted  elt^ 

From  the  puriHed  quinine  sulphate  the  alkaloid  may  \mA 

by  preeipitation  with  soda,  after  solution  of  the  sftlt  in  water  with 
the  aid  of  an  acid. 

Official  quinine  alkaloid  ctintains  about  14.3  per  cetiL  of  water  of 
crystallization  and  melts  at  a  coni|mrativelv  low  teniperature,  57**  C. 
(134.fj^  F) ;  at  100^  C.  (212^  V\\  about  two-thirds  of  the  water  is 
ex|^llrd,  but  it  does  not  become  anhydrous  until  a  tecnpersilar^  of 
125°  C.  (207*^  F,)  is  reached.  The  commercial  article  \^rie9  onn- 
mderably  in  appearance  and  solubility,  due«  no  doubt,  to  fliffi!fi»it 
methods  of  manufacture  J  some  is  crumbly,  ^'otnpact,  ao<l  idiot»l«?tnr* 
dissolving  slowly  in  alcoliol  and  even  dilute  acids,  whilr  unotbrr  Id 
is  Hgfit,  poj!?sesscs  no  electric  tendency,  and  dissolves 

The  test   for  appreciable  quantities  of  other  cin  dkaloitb 

depends  upon  the  crreater  solubility  of  quinine  alkaloid  in  iimtnonis 
water,  0.6  Gra,  of  the  freshlv  precipitated  alkaloid  bein^  soluble  in j 
7  Cc.  of  10  per  <^nt.  aranionia  water  at  15°  C.  (59°  F.).  The 
creased  quantity  of  ammonia  water  allowed  by  the  PharmacopOMil 
in  ease  the  maceration  of  the  quinine  sulphate  with  ¥rater 
been  made  at  a  temperature  above  15°  C.  (59°  F*)  is  oeecftiary,  mmat 
a  greater  quantity  of  the  salt  will  have  been  disaolvefl.  lo  Use  olB- 
cia]  test  the  residue  left  upon  drying  the  mixture  of  qnioine^  am- 
monium sulphate,  and  water  consists  chiefly  of  quinine  sitlphatt, 
thus ;  2C^H,,NA  +  (NH.),SO,=(C^H,,NA),H»SO,+2Xn,- 

QUININK  BiSULPHATE.  Ca^H^^NpaH^.-f  7H,0.  WhoD  QCO- 
tral  quinine  sulphate  is  dissolved  in  water  with  the  calculated  ovcisi- 
sary  quantity  of  sulphuric  acid  an  acid  salt  will  be  formed,  which  can 
be  obtained  of  the  above  oomjKisition  by  crystallization.  lis  Milittinfi 
in  water  shows  a  strong  blue  fluorescence  and  has  a  strong  ai*id  rrap* 
tion.  The  salt  contains  a  larger  proportion  of  water  of  rryaltllba* 
tion,  23  per  cent.,  tlian  other  quinine  salts,  which  it  lo^cs  if  h«tf«d 
to  the  temperature  of  l»oiling  w^ater. 

Quinine  HYDRfiBROMiDE,  C^jH^i^AH^^^+HjU,  1  in- 1 
also  known  in  r-ommen^e  as  quinine  bromide,  <!aii  be  madt- 
solving  the  alkaloid  quinine  in  warm  diluted  hydrobromic  acid  airtfl 
neutralized  and  crystalli/Jng  the  solution.  It  has  alan  been  f^rtaiftfj 
b^  double  dcconijio^itiDn  Itetween  an  aqueous  solution  of  pnlariTJitm 
bromide  and  a  warm  alcoholic  solution  of  quinine  uTr**^-^*"*-  fht 
resulting  potassium  sulphate  being  precipitated,  whilr  itoe 

hydrobrorntdf*  is  subse<]uently  reeovert*d  by  crystal Itatioo  Iroca  a 
oonc^utrutHl  solution. 
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QntDine  hydrobrorntde  has  been  largely  used  for  bypodermic 
medicatiou. 

QiTXJNE  Hydrochi/)bii)E.  C^jH^jN^jHCI -t  3H5O.  Liko  the 
pRHH^Iiog  salt,  quiuine  hydnxhluride  cau  als*:>  \w  nuidt-  by  double 
decora  posit  ion,  but  is  usually  obtained  by  dissolving  the  alkaloid 
quinine  in  sufficient  diluted  hydrochloric  acid  to  form  a  neutral  solu- 
tion and  allowing  this  to  crystallize.  This  salt  differs  from  other 
quinine  salts  in  being  the  most  soluble  in  water  and  in  the  abseaoe 
of  the  usual  blue  tluoresceuce  from  ooneentrated  solutions  unless 
addulated  with  sulphuric  acid ;  an  excess  of  hydnxhloric  acid  do«« 
Dot  aitect  it.     It  is  commonly  called  muriate  of  quinine  by  dealers* 

QuiKiKE  Sulphate.  (Ca„H,.NA)2H,S0,  +  7H,0.  The  offi- 
cial salt  is  the  neutral  sulphate,  although  termed  by  some  basic  sul- 
phate ;  it  is  also  known  as  cjuinine  disulpliate,  but  this  term  is 
incorrect  and  should  not  be  useil,  diquinino  sulphate  indicating  the 
true  chemical  compusitiou.  The  mauufiicture  of  this  most  important 
alkaloichd  salt  has  already  been  explained  in  counection  with  the 
preparation  of  quinine  alkaloid.  In  order  to  insure  a  large  yield  of 
the  salt  it  is  necessary  that  tlie  hot  solution  from  \vhich  it  is  to  crys- 
talli?:e  be  of  a  neutral  reaction  ;  the  sulphates  of  the  other  alkaloids 
present  are  all  far  more  soluble  in  cold  water  llian  quinine  sulphate, 
and  will,  therefore,  almost  wholly  remain  in  the  mother-liquors* 
Small  quantities  of  the  lesser  alkaloids  are  no  doubt  always  present 
in  the  commercial  article,  but  should  not  be  detectable  by  the  official 
test  with  ammonia  water ;  the  United  States  Pharmacopceia  fixes  no 
jiercentage  limit  of  impurities,  which  in  the  British  Pharmacopceia  is 
placed  at  5  per  cent. 

Tlie  otficial  test  with  ammonia  water,  known  as  Kerner-a  test^  de- 
{lends  upon  the  greater  solubility  of  the  sulphates  of  the  other  cin- 
chona alkaloids  in  cold  water  and  the  greater  solubility  of  quinine 
alkaloid  in  amnnmia  water.  DeVrij  and  Schaefer  have  shown  that 
ai  much  as  10  or  12  |jer  cent,  of  lesser  cinchona  alkaloids  may  est'a]>e 
detection  by  Kerner's  test,  hence  the  German  Pharmacopceia  baa 
adopted  a  mollification  by  Kerner  and  Wellcr,  wliich  consists  in  digest- 
ing in  a  test  tube  2  Gm.  of  quinine  sulphate  dried  at  40^  or  50^  C. 
n04<*  or  122*^  F.)  with  20  Cc.  of  distilletl  water  at  60^  or  65^  C. 
(140°  or  14H°  F.)  for  M  minutes,  with  frequent  agitation.  The  tube 
and  aintcnts  are  then  cooled  ami  kept  at  u  tcmj>eniturc  of  15°  C* 
(59°  F.)  tor  two  hours,  with  frtHjuent  agitation,  after  wliieh  the  raix- 
turt*  is  fillere<l ;  5  Cc.  of  the  filtrate  should  yield  a  clear  sobition  witli 
4  Cc,  of  10  iier  cent,  ammonia  water.  This  t<*8t  is  mutrh  more  severe 
than  that  of  the  United  States  PharmatH^pfiDin,  and  demiinds  a  much 
pun»r  salt.  Whenever  solutions  of  alkaloidal  salts  arc  filtered  it 
should  l)e  borne  in  mind  that  filter  paper  ab^slmetB  appreciable 
quantilit^s  of  tlie  salt  from  solution  ;  it  shotdd,  therefore^  either  Iw 
fitti'red   tlirough  glas-^  \vn»»l  K\v  the  fithiifi'  through   paiM^T  should   be 
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collected  in  fractions  of  5  Cc*  e&ch*,  of  which  the  secood 
fraction  only  sluniltl  be  used  for  the  above  test. 

Cliemicnlly  pure  fjuinine  sulphate  has  been  offered  for  sale  for 
some  time.  Thi^  is  olitainctl  by  first  preparing  pun?  quinine  busnl- 
phate  by  repeated  recry.stHlliKiitinn,  and  then  exact] v  neutratunaiB  ft 
hot  aqueous  solution  thereof  witli  scxJium  rarboDate,  wisen,  lipoB 
cooling,  pare  quinine  sulphate  will  crystallize  out. 

The  most  convenient  test  for  chemically  pure  quinine  solpfiftte  1 
cither  Schaefer*s  test  with  potassium  oxalate  ur  DeVrij's  te«t 
potassium  chromate ;  both  depend  u[yon  the  very  t$]iorin^  golubilityj 
of  the  ra*jpective  quinine  salts,  Schaefer's  teat  is  made  m.%  fiJIc 
1  Gm,  of  official  or  0.85  Gra.  of  anhydrous  quinine  8ul|iK:ite  mi 
solved  in  35  Cc.  of  distilled  water  by  means  of  heat  in  a  smidl  (Ittk^ 
previously  tared  ;  a  solution  of  0.3Gm.  of  crystallized  Deutml  }iotMM 
Slum  oxalate  in  5  Ce.  of  water  is  then  added,  the  c<»nt(*iits  of  tlie 
flask  made  to  weigh  41.3  Gra.  by  addition  of  distilletl  water,  and  tk 
mixture  kept  at  a  temperature  of  20^  C.  (68°  F.)  for  thirty  mintttei^ 
witli  (jci^Hional  agitation. 

After  filtration  one  drop  of  solution  of  soda  added  to  10  Ot  of  . 
the  filtrate  should  produce  no  turbidity  within  8  or  5  miualea.  Le«i 
than  1  jjer  cent*  of  other  cinchona  allcaloids  can  be  detected  by  thai 
melhtnl, 

C^uioine  sulphate  can  be  crystallized  with  varying  proporlioiis  of 
water,  the  official  m\l  being  allowcxl  as  much  as  16.18  per  eeot.  As 
the  salt  effloresces  upon  ex|K)sure,  the  symbolic  formula  given  in  tbe 
Pharmac!opoeia  representing  14.43  +  per  cent,  of  water  probahi? 
indicates  the  average  composition  of  the  t^ommert^ial  salt.  Verr 
appreciable  loss  of  weight  ha.^  been  observer!  in  teases  when?  tin*  alt 
was  preserved  in  simple  paper  boxes,  hence  manufacturer*  now  mt 
either  glass  or  tiji:htly  sealed  tin  c*)ntainers. 

The  emerald -green  color  mentioned  in  the  Pharma(X>p(eiii  lis  occur* 
ring  when  a  dilute  aqueous  solution  of  the  quinine  sulphati^  h  mlwtA\ 
with  a  little  bromine  water  and  an  exi'ess  of  ammonia  wnU*T  is  doe 
to  the  formation  of  a  rcsir)<>us  bmly  to  which  the  nan>e  (htiOfittqmit^ 
(from  the  Greek   word    tid/lit^^  a  green  branch)  has    Ix^en 
Chlorine  wat4*r  may  be  u^ed  in  plaw  of  bromine  water,  bnl,  ace 
ing  to  Fluckiger,  tfjc  latter  is  more  sensitive,  dete«ning  as  lillli^iil^ 
part  of  quinine  in  20.000  of  sotution.     The  thalleioquin  rraction  i 
chamcteristio  of  quinine  saUs,  but  is  also  obtained  with  quinidiur. 

Quinine  Valerianate,    Ca„H2^NjO,.IIO,H,0,  ^  ILO,    Tliii 

>pjt  may  be  conveniently  pre|iaix<l  by  dinsolving  freshly  preeipiuitdl 

quinine  alkaloid  in   warm   water  by  means  of  %'alerianrc  acjd  end 

crystallizing  the  solution   upon  cooling.     It  is  decomposed  ml  the 

temperature  of  boiling  water,  losing  valerianic  actd« 

Spautkine  Sui.piiate.     C,JIjaNjHjS()^4-4H,0.     Spaneti 
the  only  alkaloi*!  beloUL^ini^  to  the  class  of  am  rues  rc^Higniiod  iiil 
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FhariDacopceia.  It  is  a  liquid  heavier  than  water  aod  has  been 
obiaiued  by  extracting  scNipariiis  with  water  acidulated  with  sulphuric 
acid,  concentrating  the  iutusion,  dcc^»m posing  the  salt  with  su<lium 
hydroxitle  and  distilling*  The  distillate  is  suj>ersatu rated  with 
hydro4;bloric  acid,  evaporated  to  drynt^ss  and  distilled  with  the  aid 
of  potHssa ;  first  ammoDia  passes  over,  after  which  sparteine  distils 
and  condenses  as  a  thick  oily  liquid.  Another  method  consists  in 
exhausting  the  powdered  drug  with  60  per  i*ent.  alcohol,  evaporating 
the  tincture  at  a  low  teiiij.>erature  and  extracting  the  alkaloid  with 
the  aid  of  tartaric  acid;  the  solution  of  sparteine  tartrate  is  then 
decomposed  with  pota^iuni  carbonate,  and  the  alkaloid  thus  Ulcer- 
ate*! abstracted  with  ether.  Pure  sparteine  is  a  ct>lorless  fluid,  lioiling 
at  287*'  C, (648.6*'  F.)and  having  an  aniline- like  odor  and  intensely 
bitter  taste.  It  is  easily  decomposed  tipon  exposure  to  air  and  light. 
Sparteine  sulphate  is  prepared  by  neutralizing  the  purified  alkaloid 
with  diluted  sulpliurie  acid  and  rapidly  concentrating  the  solution, 
when  colorless  crystals  will  be  obtained.  As  inditi^ttnl  by  the  official 
formula  it  is  the  salt  of  a  diacid  base.  The  Pharmacopoeia  re*x^- 
nizes  the  presence  of  4  molecules  (17.8  yier  cent.)  of  water  of  crystal* 
lization,  which  represent  about  the  average  commercial  products,  as 
the  amount  of  water  varies  from  3  to  5  per  cent 

Strychnine.  C^iH^NjOj*  Tlris  alkaloid  ocx-nrs  in  combination 
with  igasuric  acid,  generally  associated  with  brucine,  in  the  Strych- 
nos  Nux  vomica  and  other  members  of  the  natural  order  Logan- 
iaeeie.  The  proportion  of  strychnine  present  in  the  seed  varies, 
sometimes  reaching  as  high  as  1.8  per  cent. 

To  extract  the  alkaloids  the  powdered  drug  may  l>e  exhausted  with 
boiling  water  acidulated  with  hydrochloric  or  sulphuric  acid,  whereby 
the  igasurte  acid  is  libenitcil  and  the  alkaloids  obtaineil  in  solution 
as  hydrochlorides  or  sulphates.  Upon  eoucentration  of  the  infusion 
and  addition  of  milk  of  liuje  tlie  alkaloids  are  precipitated,  and  by 
collecting  u|)on  a  strainer  and  washing  the  residue  with  water  much 
foreign  matter  is  re  mo  veil.  Subsequent  treatment  of  the  residue 
with  cold  diluted  alcohol  removes  bnicine,  the  treatment  l>eing  con- 
tinued a^  long  as  the  washings  are  reddened  by  nitric  acid^  after 
which  boiling  alcohol  is  used  to  extract  the  strychnine ;  this,  after 
recovery  of  the  alcohoK  is  convertetl  into  §nlphate  by  solution  in 
diluted  sulphuric  acid,  filtcrc<l  through  animal  charcoal  and  precip- 
itated with  an  alkali. 

iSime  manufacturers  exhaust  the  drug  with  hot  alcohol  of  about 
nifO  per  ivnt,,  concentrate  the  tincture,  filter  and  add  lead  acetate, 
wherebv  the  igasuric  acid  is  removed  together  with  coloring-matters, 
while  tlie  alkaloids  remain  in  solution  as  acetates.  After  a  second 
filtnition  the  alkaloids  are  precipitated  by  ammonia  and  may  \m 
further  treated  as  alwivc  or  dissolved  in  hot  alcohol,  from  which  the 
strychnine  will  crystallize  on  cooling,  and  may  be  freed  from  adher^ 
ing  brucine  by  washing  with  diluted  altHihoL 
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Commercial  stryehoiDe  occurs  both  io  the  form  of  ofTStab  md 
powder,  the  latter  being  preferred  for  dispeDsiug  purposes*  Its  tMte 
IS  so  intensely  bitter  that  it  v^  perceptible  if  but  \  grata  be  dinolvid 
in  10  gallons  of  water. 

The  blue  colur  obtained  when  strychnine  is  added  to  a  aolation  of^ 
potassium  dichromate  and  sulphuric  acid  is  due  to  an  oxldalioo* 
duet,  tfie  exact  nature  of  which  is  unknown,  a>^  it  has  not  bren  panil 
to  isolate  the  blue  compound  on  acicouut  of  its  evam^tt^nt  clumMStw. 

Strychnine    Sulphate.    (C2in22N,02)2HjSO^+5H30.     Thii 

salt  is  best  prepared  by  dissolving  the  alkaloid  strychnine  in  w^rm 
diluted  sulphuric  acid,  avoiding  an  excess  of  the  latter;  if  a  hot, 
saturated  solution  be  obtained,  the  salt  will  crystallize  with  fi  mol^l 
cules  (about  10,5  per  cent.)  of  water,  as  required  by  the  Pharmi* 
copa>ia.     It   represents  about   78   per  cent,  of  the  alkaloid  aod  is  \ 
generally  employed  for  solutions  on  account  of  its  greater  ac»liibility.| 

Veratrine.  The  substance  reeognizeil,  Ixjth  in  the  Phar 
copceia  and  coramercially,  by  the  name  veratrine,  is  a  mixture  of 
alkaloids  obtained  from  trevadilla  seed.  It  eonsista  of  3  crystallixable 
alkaloids,  eevadine,  C^H^^NO^;  Jtabadine,  CjpH^jNOg,  and  mAtnAi^ 
ine,  CjjH^jjNOg;  and  2  amorphous  alkaloids,  known  n»  rcrolfMC;, 
C^yHnjNUjj,  and  cevadiliine  or  mbadiilmCf  C^^H^NO^;  of  these  ceva- 
dine  is  the  most  importimt.  A^eratriue  is  not  tbund  in  white  ur  jmea  , 
hellebore,  but  other  alkaloids,  jervine^  CjgH^yNO^,  and  verairmdimfA 
CflxHygN^Ojj,  have  been  isolated  from  these  plants. 

The  mixture  of  alkaloids  in  cevadilla  seed  Ijeiug  very  oomplf^x ^  no 
attempt  is  made  at  separation  in  the  prot:*ss  of  extraction,  }yti 

seed  being  exhausted  with  aleofiol,  which  dissolves  the  :i  ;_-  in 

their  natural  combination  with  veratric  acid.  The  tincture  ta  non- 
eeutrated,  mixed  with  water  to  remove  tat  and  other  iropuritifs,  aod, 
after  filtration,  precipitated  by  ammonia  in  excess*  The  pr^ipitat^ 
having  been  washed  with  water,  is  dissolved  in  diluted  bydmcliloric 
or  sulphuric  acid,  the  Kolution  decolorized  with  bone-black  atid  the 
mixed  alkaloids  again  precipitated  by  an  alkali* 

Owing  to  its  intensely  irritating  etiect  upon  the  mucous  membnuief 
care  is  necessary  in  handling  veratrine,  and  dampening  with  aleobol 
or  expressed  oil  of  almond  will  be  found  desirable  when  mixing  it 
with  other  subHtances.  Veratrine  is  rarely  used  intemallyp lioS 
mostly  aa  olcate  or  ointment. 

Besides  the  foregoing  there  are  n  number  of  alkaloids  and  allia- 
loidal  salts  tiot  recogni^nl  in  the  Pharraacopfcia,  which  arc  of  mure 
or  less  intcrc:st  to  pharmacists,  and  will,  therefore,  be  brieflj  con- 
sidered. 


AooNTTrKK*     C^iH^yNOj^.     This  alkaloid  is  the  active  princ 
of  aconite  root,  in  which  it  exists  combined  with  aconttic  acid. 


is  usually  extracted  by  means  of  altfjhol  acidulatetl  witl»  tartaric 
acid,  and,  after  dilatioo  of  tlje  tiueture  with  water,  remt»val  of  fat, 
reain,  etc.,  by  suitable  metlMXJs,  tbe  alkaloid  h  precipitated  by  addi- 
tiou  of  sodium  bicarbonate  aod  dissolved  iu  ether,  from  which  it 
crystal  I  ixes.  The  inve^tigtxtions  of  Freuod  anti  Dunstati  have  re- 
cently thrown  much  light  ou  the  eonstitutiun  of  this  alkaloid,  which 
occurs  in  the  drug  to  the  extent  of  0/2  or  0.3  per  cent  Commercial 
aconitine  ia  very  rarely  pure,  being  accomjmnied  by  ae*inine  aod 
other  products,  no  doubt  because  it  is  easily  split  up  by  the  action  of 
heat  and  alkalies ;  six  samples  recently  examined  contained  from  OLl 
to  87  per  cent*  of  pure  alkaloid*  Aconitine,  when  pure,  should  be 
completely  soluble  in  ether,  and  to  pre|>are  it  on  a  small  scale  aconi- 
tine nitrate  may  be  dissolved  in  water,  decompose*!  with  smliuni 
bicarbonate  and  shaken  out  with  ether,  from  which  it  will  crystal  I  iaci* 
upon  spontaneous  evaporation  of  the  solvent.  It  melts  at  197°  (X 
(386.6^  F). 

Berbeiuke,  CjuHj^NO^.  The  chief  intcn'St  attache]  to  this 
alkaloid  arises  from  the  fact  that,  while  the  alkaloid  is  soluble  in 
water,  its  salts  are  difficultly  soluble,  and  are  deposited  in  a  crys- 
talline form  from  acid  liquids,  BerWrine  occurs  in  several  plants — 
in  hydrastis  to  the  extent  of  3  or  4  |>er  c«nt — from  which  it  may  l>e 
obtained  by  adding  to  a  concentrated  aqueous  infusion  of  the  drug 
hydrochloric  or  sulphuric  acid  in  excess,  when  the  corresponding 
berberine  sfdt  will  be  depositctl  in  crystals,  which,  after  purification 
by  pecrystal ligation  from  boiling  water,  may  l^e  decomjK>sed  by 
meaxis  of  freshly  prepared  lead  hydroxide.  After  filtration  and  eon* 
oentration  of  the  filtrate,  l^erberiue  will  separate  as  a  yellow  crystal- 
line powder. 

CixcHONii>iNK  Salicvlate,  Cj^HjiX^O-HCLH^Oj.  This  salt, 
which  has  l>een  used  extensively  by  physicians,  may  be  prepared  by 
direct  union  of  the  alkaloid  and  acid.  A  neutral  solution  should  he 
OEiflde  in  hot  water  or  diluted  alcohol  and  allowed  to  crystallixe  upon 

tliDg;  the  salt  is  sparingly  soluble  in  cold  water. 


CoNiJXE.  Cjgllj^N.  Coniura  owes  its  medicinal  v*irtues  entirely 
to  the  volatile  alkaloid,  which  is  preeeBt  in  the  unripe  fruit  (probK 
ably  combined  with  malic  acid),  to  the  extent  of  0.5  or  0.8  per  cent* 
It  can  be  extractwl  by  exhausting  the  dru*^  with  water  acidulated 
with  acetic  acid,  evaporating  the  infusion  down  t*»  an  cxtmct,  in  a 
vacuum  apimratus,  adding  an  alkali  c4irlK)nHtc  ami  distilling.  By 
oollecting  the  distillate  in  dlluttxl  sulphuric  add,  ^-oniine  sulphate  ia 
at  once  formed,  which  may  be  frceti  from  the  a^vompanying  amra-^ 
nium  sidt  by  treatment  with  alcohol  and  ether,  in  which  the  latter  is 
in8idnl)lc  ;  by  addition  of  an  alkali  to  the  ah^ohol  and  ether  solution 
and  distillation,  (xuiiine  will  1^  isi)late<l,  and  may  t>6  dissolvnl.  in 
titlier^  from  which  it  mu  be  obtain<Hl  as  hydr<:>cbloride,  by  paaning 
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dry  hydr(X*hloric  neid  pkB  iuto  the  solution,  the  siilt  '    " 
in  etirer.     Coniine  hy<lrochh>ride  oct'urs  in  white  it;  ii  I 

noD-deliquesc^nt,  may  l:>e  dried  at  IW  C-  (212®  FJ  withoitl  deawH 
position,  and  are  soluble  in  water  and  alcohol. 

Coniine  belongs  to  the  amines,  and  has  i>ei»n  prepiretl  hv titb«ti€illj 
by  Ladenburg;  it  has  a  strong  alkaline  reaction  and  a  peoetritiiig, 
suffbrating  odor.  When  pure  it  is  a  colorless,  oily  liquid,  lighi^ 
than  water,  and  boiling  at  169^  C,  (386.2^  F.), 

CoRNUTiNfL  This  alkaloid,  having  been  but  recently  isolmted,  \m 
not  yet  l>een  sufficiently  studied  to  give  a  full  ac<'Ount  of  its  csompoii- 
tion,  proj:>erties,  etc*  Atxxjrding  to  Keller  and  others,  both  the  iwr- 
turicnt  ami  hiemostatie  effects  of  ergot  reside  in  this  basic  primcipk, 
which  a|*{>ears  to  be  present  in  varying  quantities  in  the  difimut 
commcnial  varieties  of  ergot.  It  id  soluble  in  ether,  and  has  hem 
obtained  in  long,  colorless,  needle-shaped  crystals.  Keller  claiiBi 
that  picrosclerotinc,  ergotinine,  and  the  c^rnutine  extracted  by  bim 
are  identical,  tlie  former  two  representing  impure  fortiis  of  iht 
latter.  As  characteristic  reactions  of  the  alkaloid,  he  meolioDt  tkt 
following  two  :  1.  If  a  solution  of  c»ornutine  in  eoucentmted  «ttl* 
phuric  acid  l>e  allowed  to  stand  for  several  hours,  it  will  jtasnmei 
violet-hlue  color.  2.  If  a  drop  of  ferric  chloride  solution  be  oddul 
to  a  solution  of  the  alkaloid  in  sulphuric  acid,  an  intense  nrmcgi^rfd 
color  is  produced^  which,  ujxjti  standing,  gradually  changes*  to  luoiih* 
green  and  finally  to  violet. 
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Hydrastine.     CiiHjiNO^.     This  body  must  not  be  canfc 
with  the  mixluiT  of  resinoid  substances  sold  under  a  aifuilar 
hydrastin.     Tlie  alkaloid,  hydrastine,  occurs  in  the  root  of  hrdmtii 
canadensis,  goldeti  ^eal,  associated  with  berberlne,  and  ifi  4x>iiifiieiTt 
ia  frequently  designated  as  the  white  alkaloid  of  hydrasitA.     KiacClt 
how  hydrastine  exists  in  the  drug  was,  for  a  long  time,  ttDccrt&iii, 
some  authorities  intending  that  it   is  combined  with  an  ^il 
others  that  it  exists  free.     According  to  nH?ent  i  n  vest  i  gat  tuns 
tembcr,  1895)  by  Dohrne  and  Engelhardt,  a  jwrtion  of  ihv  nl 
about  20  per  cent,   of  the  total  yield,  exists  in   a  fret?  irtntTi 
remainder  lieing  in  combination  with  an  acid,  the  natn  •  hick 

has  not  yet  lieen  determined.     While  formerly  suppof^ed  \  ,     -vtuoi 

only  in  small  proportions,  hydrastine  has  now  been  shown  lo 
to  the  extent  of  2,33  per  cent,  in  the  fresh  or  3,14  pt*r   - 
dried  root. 

Itj  extniciing  hydiastine  for  commercial  purposes,  it  in? 
nece&«ary  first  to  i-enmvethe  lierberine,  as  stateci  under  ibaialluildid; 
the  residuary  lit|nors,  after  concentration  and  dilution  with  wsl^la 
remove  resins,  fai,  etc.,  are  pnx*i|)itated  with  ammonui  io  cx« 
whereby  crude  hydrastine  is  sejKirated,  which  may  be  purified 
resolution  in  diluted  sulpliuric  acid,  reprecipititton  by  meuts 
ammonia,  and  repeated  crystallization  from  hot  aloohoU 
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Hydiustine  is  a  weak  bane  melting  at  135°  C.  (275°  F.),  which, 
while  readily  soluble  in  acidulated  water,  forms  difficultly  crys- 
tallizablo  salts.  It  is  extensively  used  in  iireparin^  the  ao-called 
"colorless  hydrastis,"  which  is  a  solution  of  the  alkaloid  in  a  mixture 
of  water  and  glycerin  with  the  aid  of  hydrochloric  or  sulphuric  acid. 

Morphine  Meconate.  (C(,Hi.,N03)5HjC7H07.  This  salt  ij» 
not  used  in  medicine^  but,  under  tne  name  **  Solution  of  Bimeoooate 
of  Morphine/'  the  British  Pharmacopoeia  recognizes  a  preparation 
made  by  precipitating  a  Njlution  of  nine  grains  of  morphine  hydro- 
chloride with  ammonia  water,  and,  after  washing  the  resulting  pre- 
cipitate of  morphine,  dissolving  it  in  a  mixture  of  one-half  fluid- 
ounce  of  alcohol  and  one  and  one- half  fluidouces  of  distilled  water 
with  the  aid  of  six  grains  of  meeonic  acid. 

Narcotine.  CjaH^jNOy,  This  subetanoe  occurs  in  opium, 
( fometimes  to  the  extent  of  10  per  cent  and  over.  Being  readily 
IVoluble  in  chloroform  aud  ether,  it  is  easily  extmcted  from  powdered 
opium  by  maceration  or  |)ercolatiou  with  either  of  these  solvents, 
and  i!*,  tliexefore,  not  fi>uud  in  two  official  preparations  of  the  drug, 
namely,  deodorized  opium  and  tincture  of  deodorized  opium.  Nar- 
cotine  is  a  very  weak  base  aud  does  not  neutralize  acids ;  it  exists  iu 
opium  in  a  free  state,  and,  although  it  forms  crystal  I  izable  com- 
pounds with  hydroc*hloric  and  sulphuric  acids,  these  are  readily  de- 
composed by  an  excess  of  water,  and  yield  narcotine  to  both  ether 
and  chloroform  when  shaken  wnth  these  liquids*  A  solution  of 
narcotine  in  sulphuric  acid  soou  becomes  vollnw,  and,  upon  beatingy 
turns  ret!  and  tiually  purple. 

Piux:arpine  NrraATE,  C„H^^N,02,HN0,,  This  salt  which  ia 
preferred  by  some  to  the  hydrochloride,  may  l>e  obtained  by  neutral- 
ising a  solutiou  of  pilocarpine  with  nitric  acid  and  crystallizing.  It 
li  recognized  in  the  British  Pharmacopeia. 

QuDTiNE  Salicylate.  Cj^Hj^NjOa.HClHjOji,  This  salt  mar 
be  prepareil  by  neutralizing  an  alc«>holic  solution  of  quinine  with 
salicylic  acid  and  allowing  the  solution,  after  concentration,  to  crys- 
tallize ;  it  can  also  be  obtained,  as  a  curdy  precnpitate,  by  mutual 
decomposition  l)ctween  solutions  of  quinine  hyanx^hloride  and  ammo- 
nium salicylate,  wliich  can  be  dissolve*!  iu  alc(jhol  and  crystallized 
in  an  anhydrous  state. 

Quinine  Tannate.  C,oH,^N,Oj(C,4HhO<»)2.  Although  tannic 
rid  is  known  to  precipitate  quinine  from  a  neutral  solution  of  its 
Its  in  wiiter,  this  ct>mpt>und  is  iuteutionally  usetl  by  physicians  on 

!i>unt  of  its  very  sparing  solubility,  which  rerHler-s  \U  bitter  taste 
jK'rceptilih',     Tin*  suit  is  usually  prepan^l   bv  MtliHn^/  a  'iolufi.in 
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of  1.8  parts  of  tannic  acid  in  18  parts  of  water  to  a  solution  of  I 
part  of  quinine  sulphate  in  30  parts  of  water,  made  with  just  suffi- 
cient sulphuric  or  preferably  acetic  acid.  Any  excess  of  acid  i^ 
carefully  neutralized  with  ammonia  and  the  precipitate  allowed  to 
subside,  then  washed  on  a  filter  with  water,  being  afterward  dried 
at  a  very  moderate  heat.  Quinine  tannate  is  officially  recognized  in 
the  German  Pharmacopoeia. 


CHAPTER    LX. 
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SUTRAL  PRINCIPLES  AND  GLUCOSIDES, 

Besides  orgaiii*-  arids  anrl  alkaloirls,  plauts  famish  a  uumlier  of 
valuable  principles  whicb  have  a  ueutral  reaction,  and,  for  t^iiveni* 
enoe,  ai^e  divided  into  bitter  principles  and  glu<x>9ides,  tlie  former 
being  ali^io  known  as  amaroids.  The  distinguishing  feature  of  the 
lattt^T  class  is,  that  wlien  treate<l  with  dilutee!  acids  or  ferments  they 
split  up  into  glucose,  and  a  new  btxly,  ditferiug  from  the  original 
article  acted  upon,  but  characteristic  of  that  substance.  With  very 
few  exceptions,  glucosides  do  not  contain  nitrogen.  Although  gluct>- 
aides  are  an  imjiortant  group  of  plant-prf*duc48,  only  one  is  officially 
reoogniaced  in  the  PharmacopcDia,  partly  due  to  the  tact  that  they  do 
not  always  constitute  the  active  principle  of  the  plant,  and  are  in 
many  cases  associate*!  with  other  bodies*  A  few  glucosides  ap|M^r  to 
have  a  dual  character,  for,  while  yielding  glucose  by  the  treatment 
above  mentioned,  some  also  |x>ssess  l>asic  and  others  acid  properties. 
As  stated  in  the  previous  chapter,  Ixith  glucosides  and  bitter  prin- 
ciples are  distinguished  from  alkaloids  by  the  ending  in  or  inum. 

The  following  official  neutral  principles  are  use<l  by  pliysicians  to 
a  greater  or  less  extent :  aloin,  chrysarobin,  elaterin,  glycyrrhizin, 
picrotoxin,  salicin,  and  santonin  ;  of  these,  salicin  is  a  true  glucoside. 

Aloin.  The  name  aloin  is  used,  both  comraercially  and  in  the 
Pharnmcopoaia,  to  designate  the  neutral,  crj'stalline  principle  m>on 
which  the  activity  of  alo^  dejiends,  irrespective  of  the  source, 
although  the  FharmacofKeia  does  specify  two  varieties,  namely,  that 
derive*!  from  Barbadoea  and  Socotra  aloes.  The  names  barbidain, 
mtcahin^  and  natahin  arc  used  to  designate  the  aloins  obtained  from 
di^erent  8ourct?s,  which  may  also  be  distinguished  by  special  tests. 
It  is  probable  that  barhaloin  constitutes  the  bulk  of  the  commercial 
aloin.  Cape  al*»es  hns  tlius  far  not  yielded  any  crystal  livable  sub- 
stance*, but  a  yellow  flocculent  precipitate  may  be  obtained]  by  addi* 
tion  of  bromine  to  an  acjueous  infusion, 

Aloiu,  licing  wholly  soluble  in  water,  is  usually  obtained  by  trent- 
iiig  aloes  with  hut  water,  tci  whicJi  a  little  hydnK»hloric  or  sulphuric 
aoid  has  l>een  addixl ;  aftex  the  infusion  has  \H*ca  nllowetl  to  stand  for 
%  day,  it  is  carefully  detuntetl  fn»m  SKliment,  LH>noentrated  at  a  nuMh^r- 
ate  tera|>eratnrc  and  set  aside,  when  cryj^tale  or  crystalline  crusts  of 
aloin  will  separate.  The  aloin  may  then  Ix?  purified  l»y  ntMirystal- 
lization  from  hot  water  or  very  dilute  alcohoL  The  aildition  of  a 
little  acid  has  been  found  advantageous  in  avoiding  the  contamination 
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of  aloin  with  iion-cryi5tallizable  matter,  which  is  less  soluble  in 
lated  water  than  iu  plain  water. 

This  process  is  well  adapted  tor  the  maQuraelure  of  httrlialoio,  bi 
for  socaloio  the  powdered  drug  is  preferably  mixcHl  wiUi  b  liti  _ 
dilutetl  alcohol  and  strongly  expressed,  after  which  the  residue  (prewik 
cake)  is  dissolvecl  id  warm,  weak  alcohol ,  and  the  .hoIuIiod  allowed  to 
crystallize.  Nataloin  ditfers  from  the  other  two  in  being  spftrii^ij 
soluble  in  cold  and  hut  water,,  and  mn%t  be  extracted  by  treatmait 
with  hot  aleoliol,  after  tlie  drug  has  previously  l)een  treated  with 
water;  it  can  be  recrystallized  from  methyl  alcohol,  in  which  i*  ii 
rt^adily  soluble.     It  is  rarely  found  on  the  market 

Aloin  of  commerce  is  often  contaminated  with  resinous  and  iillMr 
matter,  which  can  be  detected  by  imperfect  solubility  of  the  sampk 
in  cx>ld  %vater.  As  stated  in  the  PharmacoiKBia  barbaloin  drflfeii 
from  socaloin  in  yielding  with  cold  nitric  acid  a  crimson  color;  best 
must  not  be  used  in  this  test,  as  socaloin «  when  heated  wttli  attric^^ 
acid^  gives  similar  results.  ^| 

Chrysarobin.  This  principle,  derived  from  Goa  Powiler  by 
treatment  with  hot  benzene,  is  frequently  cx>n founded  in  cufiim«it« 
with  chrysophanic  acid*  As  thus  obtained  it  is  still  eantaminatrd 
with  some  impurities,  but  corresponds  to  the  requirements  of  the  Phiir- 
macopceia ;  it  can  be  obtainea  pure,  in  the  form  of  small  ydlow 
scales,  by  repeate<J  crystallization  from  acetic  acid^  and  then  has  thr 
composition  Ca^Hj^O^.  By  oxidation  chrydtar*»bin  is  gnidually  cxm- 
verteil  into  chrysophanic  aeidy  C^^H^JJ^^  which  latter  9ul)staoc?e  frimii 
deep-red  solutions  with  the  alkalies;  the  change  of  color  metittoiNd 
in  the  Pharmacopoeia  as  occurring  when  chrysarobin  disftolvtHl  ia 
])otassa  solution  is  exposed  io  a  test-tube  is  due  to  the  formation  of 
this  acid  by  absorption  of  oxygen  from  the  air. 

Ei.ATERiN.  C;j„H.^05.  Commercial  elaterium  ow«  its  medieintl 
virtues  to  a  neutral  principle  called  elaterin,  which  may  be  estraelMi 
by  treatment  with  chloroform  and  subsequent  addition  of  ether  to 

thechloroformic  solution,  whereby  crystals  of  claterin  arc  precipitated, 
Ijcing  practically  insoluble  in  ether.  The  crystals  mny  J^  further 
puriticd  by  wasliiug  them  with  a  little  ether  and  recr  ng  from 

chloroform.  The  yield  of  claterin  varies  from  25  t*-  ^ .  ,  :  cent  of 
the  weight  of  elaterium^  and  the  two  substances  must  not  be  ood- 
founded  w^ith  earh  other. 
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Glycybrhi7JN\  This  substance,  althougli  for  a  lonj^  tiiiie 
sidered  to  lie  a  neutral  principle  and  also  a  glucosidCf  is  now  lookei' 
U[K>u  as  a  tribasic  acid,  rfl\fcyrrhizic  aekl,  hixviui^  the  toin|>o6itioB 
^VaHm^^is'  which  exists  in  liquorice  root  in  coml>i nation  with  am- 
monia as  an  acid  salt.  It  possesses  no  medicinal  prn^iertlt*^  and  b 
vnluableonly  on  ao-ount  of  ita  very  sweet  taste.  It  is  r> 
the  Fharmat^>p(cia  in  combination  with  ammonia  as  umui 
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(^rrhizin^  and*  in  the  official  process  for  the  preparatlou  of  this  eom- 
pound,  the  complete  extraction  of  glycyrrhizia  from  the  drug  is 
insured  by  adding  annmonia  water  to  the  roenstnuim,  so  that  a 
neutral  ammonium  glycyrrhizate  may  be  furmed.  The  addition  of 
sulphuric  acid  to  the  percolate  causes  the  precipitation  of  the  gly- 
cyrrhizin,  which,  for  the  purpose  of  purification,  is  t>i>lk>cted,  redi.s- 
solved  in  ammonia  water^  and  again  precipitated,  being  finally 
dissolved  in  sufficient  ammonia  water  and  obtained  in  scales  bv 
spreading  the  solution  on  glass  and  drying*  When  boiled  with 
diluted  sulphuric  acid  pure  glycyrrhizin  spliti  up  into  glycyrrhetin, 
CjqH^^NO^,  and  parasaccharic  acid,  0^,11,1,0,,  which  latter  reduces 
Fehliug's  solution  like  gluaiseaud  thus  gave  rise  to  the  former  view 
that  glycyrrhizin  was  a  glucoside. 

PiCROTOXiN.  C3CjH3„Oi|,  The  neutral  principle  present  in  coccu- 
lus  can  be  obtained  by  exhaiiBting  the  bruisecl  se^l  with  hot  alcohol, 
concentrating  the  tincture  to  a  thick  syrupy  consistence,  removing 
separated  fat  and  boiling  the  residue  with  water*  After  filtration  of 
the  decoction  picrotoxin  will  crystallize  upon  cooling  of  the  fiitrat*', 
and  may  be  purified  by  recrystallization  from  alcohol* 

Salicin.  CjaHijOy.  Several  methods  are  in  use  for  the  extraction 
of  this  principle  th>m  willow  and  other  Imrks.  The  bark  may  be 
macerated  ana  boiled  witli  milk  of  lime,  the  decoction,  after  strain- 
ing, being  allowed  to  subside  ;  the  clear  liquid  is  concentrated,  treated 
with  animal  charcoal  and  evapomted  to  dryness,  after  which  the 
residue  is  exhausted  with  weak  alcohol,  from  w^hich  the  salicin  will 
crystallize  after  removal  of  the  alcohol  by  distillation.  Another 
plan  is  to  exhaust  the  bark  with  Ixiiling  water  and  deprive  thedei'oc- 
tion  of  coloring  matter  and  taouin  by  digestion  w^ith  litharge  or 
treatment  with  basic  lead  acetate ;  any  free  acid  present  in  the  liquid 
is  nentralized  with  chalk.  The  filtrate,  on  concentration,  will  yield 
crystals  of  salicin,  which  may  be  purified  by  recrystal ligation. 

Salictn  is  the  only  true  glucinside  officially  recognized.  When 
boiled  with  diluted  sulphuric  acid  it  takes  up  water  and  splits  up 
into  glucose  and  saligeuin  or  salicyl  aleohiil,  thus,  Ci^HjjO^+HjOss 

A  characteristic  reaction  of  salicin  is  the  production  of  a  bright 
\)'92d  color  when  the  ^^ul^stance  is  dissolved  in  concentrated  sulphuric 
acid,  followed  by  the  sej>aration  of  a  dark-retl  pt)wdcr  u|hiu  audition 
of  water,  the  solution  btHV>miutr  colork*ss.  The  prfMluction  of  the 
fragrant  otlor  of  the  oil  of  meadow  sweet  when  salicin  is  heated  with 
diluted  sulphuric  acid  and  potassium  dichromate  also  servt.^s  to  dis* 
tingutsh  this  substance  from  others ;  the  odor  is  due  tu  the  forma- 
tion of  salicyl  aldehyde. 

SAXl^uNrx.  Ci^HiiO^.  Chemically  santonin  is  the  aniiydride  of  a 
weak  acid,  although  ginierally  looked  upou  as  a  neutral  substance. 
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It  is  obtained  by  mixing  ground  wormseed  with  slaked  lime  and 
exhausting  the  mixture  with  hot  water;  the  resulting  solution  of 
calcium  santoninate  is  concentrated  and  decomposed  with  hydro- 
chloric acid.  The  crude  santonin  is  treated  with  diluted  ammonia 
water,  dissolved  in  alcohol,  and  the  solution  decolorized  with  lM>ne- 
black,  after  which  it  is  allowed  to  crystallize. 

Santonin  possesses  the  property  of  turning  yellow  when  exposed 
to  the  light  and  then  forms  a  yellow  solution  with  alcohol,  from 
which,  however,  it  again  crystallizes  colorless. 

The  following  may  be  mentioned  as  characteristic  reactions  of 
santoniu :  a  bright  pinkish-red  color  is  produced  when  santonin  is 
added  to  an  alcoholic  solution  of  potassa ;  if  0.010  Gm.  of  santonin 
be  added  to  a  mixture  of  1  Cc.  each  of  sulphuric  acid  and  water 
a  colorless  solution  is  obtained,  which,  when  heated,  assumes  a  violet 
color  upon  addition  of  one  drop  of  ferric  chloride  solution. 
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recognition  in  the  fnarmacopoeia 
the  digestion  of  food  is  of  a  twofold  character  ;  one  takes  place  after 
the  foo*l  has  eutereil  the  stomach  and  is  called  gastric  or  peptir 
digestion^  the  other,  occurring  after  the  partly  digested  food  leaves 
the  stomach,  is  known  as  pancreatic  or  intestinal  digestion.  During 
the  mastication  of  ftxKl  it  beairacsi  raixetl  with  the  secretion  of  the 
sail  vary  gland:*,  which  contains  a  substance  known  as  pt^alin^  be- 
longing to  the  class  of  unorganizal  fenueutj*  ujsually  termed  enzymes 
by  physiolugiste^  from  the  (Treek  word  enziftnoHy  meaning  fermented. 
The  s|>et:'ial  action  of  ptyalin  apjx^ars  to  lie  to  prepare  starchy  food 
for  flubi^juent  digestion »  as  it  is  (^ipable  of  converting  starch  into 
dextroae  j  in  the  prej^mx*  of  liydrochioric  acid  even  as  wt^k  as  0.4 
per  cent.,  it  is  rendered  inert,  being  most  active  in  slightly  alkaline 
liquids. 

The  action  of  ferments  nj)on  food  depends  upon  the  character  of 
the  latter,  as  the  different  ferments  have  specific  lunctionsand  cannot 
be  used  indiscriminately  for  all  kinds  of  food.  Food  partaken  of  by 
animals  is  either  albuminoid  or  amylaoeous  in  ita  nature,  the  former 
being  converted  into  peptones,  the  latter  itito  sugars.  The  digestive 
action  of  ferments  on  albuminoids  is  called  the  proteolytic  at^tion, 
from  the  %vord  profeotytfht^  meaning  the  change  occurring  in  proteids 
while  being  digested  ;  the  digestion  of  amylaceous  food,  on  the  other 
hand,  is  known  as  the  ainylolyti*' action  of  ferments,  from  amt^hlysis, 
meaning  the  (H>nver8ion  of  starch  into  sugar. 

The  various  prtnlucti^  formt?d  during  the  digestion  of  food  are 
syntonin,  albumos4?s,  and  {)eptones.  The  first,  also  known  as  acid 
albumin,  is  probably  producsed  by  the  action  of  hydrochloric  acid  (of 
which  gastric  juice  contains  from  0.1  to  U.25  per  cent.)  on  albumi- 
noid substances,  and  occurs  8<x>n  after  the  ing^jstion  of  foml.  After 
peptic  digestion  has  set  in  albumoscs  are  formeil,  which  are  gradu- 
ally converted  into  [x^ptones,  the  end-protlucts  of  digestion  and  the 
form  in  which  albuminoid  fixxi  is  assimilated,  peptones  lK*ing  readily 
difluaible  and  absorbed  by  a  |>rooess  of  dialysis.  As  sUit^nl  l>efore, 
digestion  is  n()t  c<^mpteted  in  the  stomach  ;  the  mixture  of  albumost-!* 
and  peptones,  forming  a  smooth,  pulpy  mass  callcti  chyme,  pa^^^ti 
into  tlie  intestines,  w*here  the  conversion  into  peptones  and  other 
diffusible  products  is  completed, 

Pancreatin  and  pepsin  art?  the  two  agents  secreted  in  the  body  of 
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all  animals,  without  which  assimilation  of  food  would  be  impo«i«iblr; 
both  have  been  recognized  in  tlie  Pharniacopceia  and  are  Lu^y  uied 
by  physicians. 

Pancbbatin,  By  this  name  is  reoogni^  a  mixture  of  0117109 
found  in  the  pancreatic  juice^  the  secretion  of  a  gland  deeply  Matoil 
in  the  abdomen,  known  as  the  pancreas.  The  pancreatic  jaiot  b 
a  clear,  colorless,  somewhat  viscid  liquid  of  an  alkaline  reActioa^ 
without  odor  and  of  an  insipid,  somewhat  saline  taste  ;  it  pooKflKi 
both  proteolytic  and  amylolytic  activity,  besides  being  capaUe  of 
emulsifying  fatty  matter. 

The  Pliarmaoopreia  gives  no  directions  for  the  prepamtioD  of 
pancreatin  and  ditfcrent  manufacturers  probably  pursue  diffei^ail 
methods.  The  following  was  suggested  in  the  first  edttiuo  oS  tin 
National  Formulary :  Fresh  pancreas  of  the  hog,  freed  as  mocli  11 
lK>ssib)e  from  fat  and  adhering  membranes,  is  reduced  to  a  tm 
paste  by  means  of  a  suitable  mincing-machine  ;  it  is  next  mtxd 
with  half  its  weight  of  cold  water  and  kneaded  thoroughly  and  fre- 
quently during  one  hour,  after  which  the  mass  is  transferrwl  to  i 
strainer  and  forcibly  expressed;  the  liquid  is  filteretl  as  quickly  •§  I 
possible  through  flannel,  and  to  the  filtrate  is  added  an  etptal  voltmif 
of  alcohol ;  the  precipitate  is  collected,  drained,  and  freed  hy  prMMtT? 
from  as  much  of  the  adherent  liquid  as  passible;  it  is  t"  -*tifl 

on  shallow  trays,  dried  by  exposure  to  warm  air  at  a  i  t tin- 

not  exceeding  40^^  C*  (104'^  F.)  and  reduced  to  piwder  VVbrti 
large  quantities  of  pancreas  are  operated  uiK>n  it  is  advisable  ta  am 
water  saturated  with  chloroform,  which  will  retard  deooinposttioii 
for  a  long  time. 

In  some  instances  the  finely  minced  pancreas  is  maceratol  wHli 
highly  diluted  hydroc^hloric  acid,  in   place  of  plain  water,  and  lln 
fat  is  often  reiuoved  from  the  powdered  mass  by  meana  of  pacified . 
benzin. 

There  are  supposed  to  be  no  less  than  four  unorganized 
present  in  the  jmncreatic  juice — namely,  tryfmn^  for  the  dIgMtilib  i 
albuminoids;  amyhpsin^  f(*r  carbohydrates;  HtrapHin^  for    *  loj 

a  rennet  ferment,  which  coagulates  milk.     Trypsin  has  !>'  ited 

in  a  comparatively  pure  state ;  it  differs  from  pe|)sin  in  st^vem)  ti»* 
portant  particulars,  acting  Ijest  in  an  alk;dine  mctlium,  anci,  althmis^h 
active  in  a  neutral  or  even  faintly  acid  solution,  it  is  compliTiely  dt^ 
stroyed  in  acid  liquids  even  as  weak  as  gastric  juice.  '  *  -^io 
very  closely   i-osembles  diastase  and  ptyalin,   lK>th   in  \vA 

properties,  though  in  converting  starch  into  maltose  and  dixirt^- 
glucose  it  is  much  more  energetic  than  ptyalin.  Steapsin,  ur  fiit*  I 
digesting  ferment,  api^^rs  to  e^ert  a  S|>ecial  aiHion  in  the  eftiaUifics* 
tion  of  fats  and  more  ])art!cu1arly  in  the  presence  of  the  alkali  ^Iti 
of  the  biliary  acida,  thus  preparing  them  for  better  ahsorntion.  Tbc 
milk-curdling  ferment  is  probably  identical  with  that  toaiul  in  the 
stomach* 
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Paucreatin  iiRiially  ap|K?ar8  in  the  form  of  a  yellowish,  yellowish- 

whito,  or  grayish-whitf  powder,  or  in  that  of  traDspai*eDt,  brltlle, 

yellowish  scales,  wliich  are  txlorless  or  have  a  faint,  peculiar,  not  ud- 

llettBaot  odor,  and  a  somewhat  meat-like  taste.     It  is  slowly  and 

Irnost  completely  soluble  in  water,  Init  insoluble  in  alcohoL 

Pancreatin  ditrests  albuminoids  and  oonverts  starch  into  sugar,  in 

S>resenee  of  alkalies  ;  prolonged  contaet  with  acids  renders  it  inert. 
t  is  hygroscopic,  and,  wheu  expose*!  to  the  air  for  some  time,  loses 
its  value  j  hence  it  should  be  preserve*!  in  well -stoppered  bottles* 
Dilution  with  sugar  of  milk  seems  to  retard  deterioration,  aaccha* 
ited  pancreatin  having  been  found  to  retain  its  (leptoniaring  value 
far  better  than  the  pure  article.  The  aqueous  solution  of  pancreatin 
is  a  clear,  pale-yellowish  liquid,  which  is  precipitated  by  heat,  by 
alcoholt  and  by  hydrochloric  acid,  but  not  by  a  saturated  solution  of 
sodium  chloride. 

Allhougli  the  protetilytie  value  of  commercial  jjancreatin  is  prob- 
ably the  most  important  (as  shown  by  the  Pharmacopotial  tast),  yet 
its  aetiitn  un    car Ixjhyd rates   should    likewise    be   oliserved.     Some 
samples  have  been  found  to  peptonize  milk  very  readily,  and  yet 
"exert  little  or  no  effect  on  starch-pa^te,  and  mce  verm.     For  testing 
l-pancreatin  a  5  per  cent,  starch   uuieila>fe  is  l>etter  suitetl    than  a 
■stronger  preparation,  and  the  length  of  time  required  for  the  com- 
plete conversion  of  stai*eh  into  sugar  should  l>e  noted  ;  usually,  good 
pancreatin  is  supposed  to  convert  six  or  eight  times  its  weight  of 
staivh  in  a  few  minutes,  the  test  being  couductetl  at  a  temperature  of 
^43.8°-46a°  C.  1 110*^-116*=*  F.).     The  fact  that  pancreatin  liciuefies 
arch-j^aste  is  not  sufficient,  as  this  may  be  due  to  the  !^imple  change 
of  the  starch  into  dextrin  ;  a  little  of  the  liquid  should  be  added  to 
water  every  few  minutes  and  tested  by  means  of  a  drop  or  two  of 
some  very  dilute  iodine  water;  as  soon  as  the  purplish  or  pinkii^h 
_color  fails  to  api>ear,  the  conversion  into  sugar  is  complete.     The 
the  time  rec[uired  for  this  change  the  better  is  the  quality  of  the 
inereatin. 

Pepsin.  This  ferment  was  discovered  in  1836»  by  Schwann, 
after  El>erle  had  furnished  proof  that  digestion  of  food  in  tlie  stomach 
is  due  neither  to  the  mechaniml  action  of  the  mucous  membranes 
nor  to  the  solvent  action  of  acids,  but  is  dependent  upon  some  un- 
organized  ferment   present  in  the  gastric  juice ;    thia  ferment  was 

ietermined  by  Sf^hwann  and  named  pepsin,  from  the  Greek  word 
kit''rc  (digestion).  Pepsin  is  a  eecretory  product  of  certain  glands 
hmedded  in  the  tissue  of  the  inner  coating  of  the  stomach,  but  has 

tiso  been  found  in  muscular  tissue,  urine,  brain,  and  the  muccjus 
membrane  of  the  intetitinea.  True  or  active  pej>«in  prolwibly  docs 
not  exist  at  all  times  in  the  gastric  jukv,  but  is*  forra»t|  by  the  action 
of  hydr<K*hlonV  aciil  and  chlorides  from  a  mother-^ulMnnw  known 
as  }}rimnogri\y  as  the  digestive  functions  of  the  stomach  may  retjitire; 
in  support  of  this  theory  it  has  been  found  tliat  glycsuriu  will  abstnK*t 
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increased  quautitieB  of  pepsin  fmni  tlie  miRH)i!a  membniiie  of  iB 
stooiach  after  this  has  been  trcuk*d  with  0.2  per  oout.  hydroclilorii? 
acid,  or  1,0  per  cent,  sodium  obloride  solution.  The  U-se  of  pepiin 
in  medicine  is  mainly  duo  to  the  ellbrts  of  Dr.  Corvit^art,  eoart  ph?* 
sieiau  to  the  Em|^ror  Napoleon  III.,  but  the  quality  of  the  cool* 
mereial  artitle  lias  been  va^stly  improvi<l  81  nee  that  time ;  to  ihe 
l>erseverenee  and  energy  of  American  pharmacists  are  due  ihe  iro* 
provemontfl  iu  the  mode  of  man ufaetii ring  pepsin  and  the  iroDclifirfiil 
increase  in  digestive  power  of  the  commercial  article. 

In  this  country  two  kinds  of  pepsin  are  maoufaettired^  kaowii 
respectively  as  precipitated  pepsin  and  soluble  or  ttcrale  tiepiiD  \  lbi»  i 
former  is  made  oy  the  metljoil  re<x>mniended  by  E-  Schetler,  in  ^>^li 
whieli  consists  in  precipitating  an  acid  infusion  (prepared 
clean  mucous  membrane  of  hog  stomach  by  a  satnrateil  s^jtu 
sodium  chloride*  redissolving  the  precipitate  in  acid  water,  rrpn^cspi*! 
tating  with  salt  in  order  to  purify  the  [>epsin,  and  finally  ilnring  ail 
or  below  40°  C.  (104^  F.).     A  full  account  of  this  prooes*  iimy  hr  j 
found  in  the  American  Journal  of  Pharmaei/ fov  1872,     The  pnifK« 
for  the  maun  tact ure  of  the  so-calle*l  scale  or  peptone  |>e{:>diEitt  itytun!S 
an  increasetl  yield  of  pro^iuct  and   higher  digestive  |K)wer,  Imt  thii 
always  the  same  d^ree  of  purity  ;  it  amsists  in  suhjcfting  the  well- 
cleaned  mucous  membmnes  of  animal  stomachs,  after  l>eing  thorotitfhly  j 
minced  by  raachinerv,  to  a  process  of  self-digestion  in  water  acldififd 
by  hydrochloric  acid  at  a  tem|>eratiire  of  38^^o^  C.  (100.4*^-113*  K), , 
until  the  whole  mass  is  converted  into  a  uniform,  transpareut,  glairy] 
fluid.     This  is  allowed  to  cool  and  deposit  over  night,  after  an  addi- 
tion   of  chloroform    or  sulphurous  acid  solution,  whidi   prev<eiils1 
putrefaction  and  iu  no  wise  interferes  with  the  ai'tivity  of  the  pep^n;| 
the  liquid  is  carefully  strained^  concentrated  in  a  vacuum  appamt 
to  a  syrupy  consistence,  and  spread  upon  plates  of  gla^s,  wli 
allowed  to  scale  in  suitable  dust-free  rooms.     Pepsin  thus  p 
always  contains  mucus,  peptones,  and  syntonin,  while  that  prrjwirnti 
by  the  Schelfer  method  is  contaminated  with  salt  and  ^ontt?   iiHrrt  i 
albuminous  matter.     In  1891  a  process  was  patented  in  thii^  cxmtitnr  i 
and  iu   England,  combining  the  advantages  of  the  two   pne^^io;^  ' 
processes.     The  eastntial  features  are  as  fallows:  the  weJI-demuiK 
and  mtn<^i  mucous  memljranes  are  brought  to  solution  by  di^t^tii^l 
witli  acidulatal  water,  the  solution  being  claritied  after  the  additiitai 
of  sulphurous  acid ;  the  clear  liquid  is  seuarated  from  the  4epodnl| 
and  then  precipitated  by  saturating,  at  a  nigher  tenifierature,  with 
eodtuiu  sulphate,  whereby  the  pepsin  is  <le(>c»site<l  while  tbe  peptooe 
remains  in  solution.     The  precipitated  pepsin  is  dissolved   tn  wmk 
hydrochloric  a<id  and  sul>icrttd  to  dialysis,  which  removes*  the  dodtam 
sulphate  and  remaining  (icptoncs,  after  which  the  residual  soluiioo  in 
ooni*entmtc<l  at  a  low  tempcniture  and  dri*xl  on  platf^g  of  fdaas,    Tht- 
9oi]ium  sulnliatc  is  not  lo^t   in  the  pror^e^  but  reclaimetf  frufn  ibflj 
(»ept4jn<t  solution  by  recrystallizatioTL     While  the  U.  8.  Phamssoa* 
IHvm  reeognixes  only  the  |jepsiu  obtiiiued   from  hog  stomaclts. 
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British  Pkarmaixipaaia  admits  pepein  from  tlie  stomachs  of  bogs, 
sheep,  aud  calvTS,  and  gives  the  following  dirtx^tions  for  it><  prepara- 
tion: The  stomach  of  one  of  tliase  aiiimak  recently  kille<i,  having 
been  cut  open  and  laid  on  a  b^jard  witli  the  inner  surface  upwartl, 
ajiy  adhering  jK>rtions  of  food^  dirt,  or  other  impurity  are  to  l>e  re- 
moved and  the  exposed  surface  slightly  washe<l  with  cold  water ;  the 
cleansed  mucous  membrane  is  then  to  be  scraped  with  a  blunt  knife 
or  other  suitable  instrument,  and  the  viscid  [hi1|>  thus  obtained  is  to 
be  immediately  spread  over  the  surface  of  glass  or  glazed  earthen- 
ware and  quickly  dried  at  a  temi>erature  not  exceeding  100°  F.  The 
dried  reaidne  is  to  be  reduced  to  powder  and  preserved  in  a  stoppered 
bottle. 

The  oflGcial  British  pepsin  is  thus  seen  to  consist  in  part  of  the 
dried  secretion  of  the  mucous  mcml>raue,  which  naturally  contains 
flabetanoes  liable  to  puti^fy,  an<l  this,  no  doubt,  accounts  for  the 
offcnsivf'  (H^ir  noticed  in  —  nples  dispensed  in  this  country* 

Sucli  a  pi  J  (Sill  also  hasa  wi  -live  power,  and  the  British  Phar- 

rnacopceia  does  not  demand  that  official  pepsin  shall  dissolve  more 
than  fifty  times  its  weight  of  hard-boiled  egg  albumen  in  thirty 
minutes,  at  a  temperature  of  54.4°  C.  (130^  R). 

French  pepsin  is  chiefly  obtain<xl  from  sheep  ^tomachs^  and  Bou- 
danlt's  preparation  contains  starch  and  sometimes  lactic  acid.  The 
German  Pharmacoj>o&ia  does  not  prescribe  tlie  source  of  official  pep- 
sin nor  the  manner  of  its  preparation ;  the  stomachs  of  hogs  and 
calves  are,  however,  usually  employed.  Official  German  pepsin  is 
require<l  to  dissolve  100  limes  its  weight  of  hard'l)oiled  egg  alDumeD 
in  one  liour,  at  a  temperature  of  45^  C,  (113*^  F.). 

I^epsiiu  exposed  on  a  watch-glass  to  the  air,  even  in  damp  weather, 
should  nut  liecome  sticky  in  the  course  of  a  few  hours,  showing  the 
absence  of  an  undue  amount  of  peptone.  It  should  form,  with  dis- 
tilletl  water,  an  almost  clear  solution,  which  is  not  rendere*!  turbid 
by  the  additiou  of  acetic  acid,  showing  the  absence  of  mucus.  (Pep- 
sin made  by  Sclieffer's  process  never  yields  a  perfectly  clear  solution 
with  water  owing  to  the  presence  of  syntonin  or  acid  albumin.)  It 
should  be  free  from  any  disagreeable  or  ammoniacal  odor  due  to  the 
presence  of  putrcscible  matter  A  drop  of  tincture  of  iodine  added 
to  a  solution  of  pe{)sin  should  not  devc*Iop  a  blue  or  purplish-red 
color,  showing  the  abj*ence  of  staix'h  and  dextrin. 

The  greater  the  projKjrtiou  of  jieptone  present  in  {lepsin  the  more 
rapidly  does  it  absorb  moisture  from  the  air,  and  the  greater  the 
ab^eooe  of  mucus  the  less  unpleasant  w  ill  be  the  odor  and  the  more 
perfectly  clear  will  be  the  jjolution  of  pe|)sin  in  water,  especially  if 
the  water  be  acidulated  with  acetic  acid.  Except  in  minute  quanti- 
ties, podium  chloride  impaii^  the  activity  of  pepsin  :  the  same  is  true 
of  alcohol.     An  aqueous  solution  of  pepsin  will  1  -c  in  a  short 

time;  after  addition  of  hydrot-hloric  acid  ft  rem  r  but  gradu- 

ally loees  its  effects  on  albumen.     Glyi^rin,  on  tiie  other  hand,  pre- 

rvcs  its  virtues.     Tannin  and  the  alkali  carbonates  and  bicarbon- 
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ates  inhibit  the  proteolytic  action  of  pepsin.  At  a  temperature  of 
63°  C.  (145.4°  F.)  the  activity  of  pepsin  is  destroyed. 

The  mere  solution  of  hard-boiled  ^  albumen  by  pepsin  in  an 
acid  menstruum  is  by  no  means  an  indication  of  its  true  value,  as 
this  can  also  be  effected,  under  certain  conditions,  by  hydrochloric 
acid  and  water  alone.  Complete  peptonization  or  conversion  of  alba- 
men  into  peptone  appears  to  be  a  more  positive  test,  but  since  the 
exact  determination  of  peptones  in  a  solution  is  only  possible  in  the 
hands  of  the  physiological  chemist,  the  different  pharmacopoeias  have 
adopted  a  simpler  method  of  valuation. 

I^BUx^harated  pepsin,  prepared  by  intimately  mixing  one  part  of 
pepsin  with  nine  parts  of  sugar  of  milk,  is  a  convenient  form  of  ad- 
ministering small  doses  of  pepsin  to  children. 
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A  CACIA,  564 
A    macilage  of,  229 

BTTup  of,  223 
Aoetal,  684 
Aoetaldehvde,  602 
Aoetanilid,  555.  556 
Acetic  ether,  576 
Acetometer,  Otto's,  551 
Acetone,  549,  552 

crude,  552 
Acetam  opii,  254 

scillse,  2o4 
Add,  acetic,  549 

crude,  549 
diluted,  551 
glacial,  550 
No.  8,  550 
official,  550 

alphanaphtalenesulphonic,  560 

amalic,  627 

arabic,  564 

arachic,  588 

arsenous,  526 

benzene  metadisulphonic,  556 

benzenesulphonic,  557 

benzoic,  60/ 

synthetic,  608 

betanaphtalenesuiphonic,  560 

boric,  418 

carbolic,  557 
crude,  557 
synthetic,  557 

cerotic,  589 

chlorauric,  542 

chloronitrous,  423 

chrysophanic,  546 

cinchotannic,  6:^5 

citric,  608 

copaivie,  606 

crotonolic.  5^9 

digallic,  615 

eilagic,  616 

erucic,  588 

ethvlsuiphuric,  457 

gallic,  611 

gallotannic.  615 

glycerylsulphuric,  592 

glycyrrhizic.  646 

guaiaoonic,  606 

hippuric,  608 

hydriodic,  412 


Acid,  hvdrobromic,  diluted,  419 

hydrochloric,  420 
diluted,  420 

hydrocyanic,  diluted,  609 
Scheele's,  610 

hydroferrocyanic,  609 

hypophosphorous,  diluted,  421 

igasuric,  620,  639 

kinlc,  635 

lactic,  612 

lauric,  588 

linoleic.  590 

meconic,  612 

melissic,  589 

metaboric,  419 

metarabic,  565 

mucic,  570 

naphtalenesulphonic,  560 

nitric,  421 

diluted,  422 
I         nitrohydrochloric,  422 
diluted,  423 

nitromuriatic,  422 

oleic,  588,  613 

orthophenobulphonic,  453 
,         oxalic,  613 
I         palmitic,  588 
I         paraphenolsulphonic,  453 

pectosic,  565 
I         phenolsulphonic,  453 
'         phosphoric.  423 
diluted,  425 

podophyllinic,  606 

pyrogallic,  611 

pyroligneous,  549 

quinic,  620,  635 

quinovic,  6.*i5 

saccharic,  570 

salicylic,  618 

sarcolaclic,  612 

sulpho-ricinoleic,  592 

sozoiodolic,  586 

stearic,  615 

sulpho-carbolic,  453 

sulpho-oleic,  592 

sulphovinic,  457 

sulphuric,  425 
an)matic,  426 
diluted,  427 

sulphurous,  427 

tannic,  615 
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Acid,  tartaric,  617 

tetraboric,  419 

trichloracetic,  551 

uvic,  617 

valerianic,  617 
Adds,  'J  17 

inorganic,  417 

organic,  607 
Acidom  arsenosnm,  522 
Aoonitine,  640 
Acrolein,  590 
Adera,  190 

lanse  hjdroeus,  191 
£ther  bromatus,  583 
Alcohol,  571,  573 

absolute,  573,  574 

amyl,  574 

denatarated,  553 

deodorized,  573 

diluted,  573,  574 

ethyl,  571 

methyl,  549.  552 

wood',  549,  552 
Aldehyde,  581 

acetic,  581 

allyl,  590 

benzoic,  598 

cinnamic,  599 

ethylic,  581 
Alkaloids,  619 

cadaveric,  619 

determination,  621 

extraction,  620 

liquid,  619 
Al<ii  purificata,  269 
A  loin,  645 

Alpha-naphthol,  560 
Alum,  482 

ammonium,  482 

ammonio-ferric,  493 

burnt,  483 

chrome,  482 

copper,  534 

crude,  482 

dried,  483 

ferric,  403 

iron,  482 

potassium,  482 
Alumen,  482 

exsiccjitum,  482 
Alumini  hydras,  482 

8ulph:b*,  482 
Aluminum,  acetate,  solution,  484 

hydrate.  4>i3 

hydrf)xide,  483 

naphtolsulphonate,  o60 

sulphate,  4*<3 
Alumnol,  .V;o 
Amaroids.  »)4') 
Amides.  r»10 
Amidiu,  "><>ii 
Amidobenzene,  o"><» 
Amines,  61  y 


I  Ammonia  liniment,  380,  381 

camphorated,  381 
I         spirit,  4o6 
I  aromatic,  466 

water,  464 

stronger,  465 
Ammonil  benzoas,  461 

bromidnm,  461 

carbonas,  461 

chloridum,  461 

iodidnm,  461 

nitras,  461 

Talerianas,  461 
Ammonium,  acetate,  solation,  46f> 

alum,  482 

benzoate,  461 

bicarbonate,  467 

bromide,  461 

carbamate,  462 

carbonate,  462 

chloride,  463 
troches,  342 

citrate^  467 

iodide,  463 

nitrate,  464 

phosphate,  467 

salicylate,  467 

sesqnicarbonate,  462 

sulphate,  468 

valerianate,  464 
Amorphous  substances,  176 
Amyl  alcohol,  574 

nitrite,  580 

valerianate.  618 
Amyl  in,  561 
Amyloid,  ')46 
Amylolysis,  649 
Amylopsin,  650 
Amylum,  564 
Analgesine,  556 
Anethol,  398,  600 
Anhydride,  abietic,  60<> 

acetic,  590 

chromic,  512 

nitric,  417 

phosphoric,  417 

sulphuric,  417 

sulphurous,  417 
Anil  ids,  .V)6 
Aniline,  •>>.> 
Animal  ferments,  649 
Annidalin,  586 
Anodynine.  506 
Antifebrin.  556 
Antimonial  jwwder,  363,  522 
Antimonii  et  potassii  tartra^,  522 

oxidum,  522 

sulphidum,  522 

puriticatum,  522 

sulphuratum,  522 
Antimonium  tartaratom,  523 
Antimonous  oxide,  523 

sulphide,  524,  525 
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Antimony  and  potaasinm  tartrate,  522 

compound  pills,  331,  522 

oxide,  523 

pentasulphide,  525 

sulphide,  524 
purified,  524 

sulphurated,  525 

trioxide,  523 

wine,  522 
Antipjrine,  556 
Apooodeine,  630 

Apomorphine  hydrochloride,  625 
Apple  oil,  618 
Aqua  ammonise,  207,  461 
fortior,  207,  461 

amyjBpdalK  amarse,  207 

aniea,  208 

aurantii  florum,  207 
fortior,  208 

camphors,  208 

chlori,  207,  408 

chlorofonni,  207 

cinnamomi,  208 

creoeoti,  207 

destillata.  208 

foeniculi,  208 

hydrogenii  dioxidi,  207,  405 

menthae  piperitse,  208 
viridis,  208 

regia,423 

rose,  207 

fortior,  208 
Aquila  alba,  516 
Apotheme,  267 

Approximate  measurements,  43 
Arabin,  564,  565 
Arabinose,  565 
Argrati  cyanidum,  533 

iodidum,  533 

nitras,  533 

dilutus,  533 
fusus,  533 
Argenti  oxidum,  533 
Arffol,432 
Anrtol,  586 

Arrangement  of  the  Pharmaoopoeia,  18 
Arsenate  sodium,  solution,  52!^  528 
Arseni  iodidum,  522 
Arsenic  and  mercuric  iodide  solution, 
527 

iodide,  525 

triiodide,  525 

trioxide,  526 

white,  526 
Arseni te,  potassium,  solution,  522,  528 
Arsenous  acid,  526 

solution,  527 
Asaprol,  560 
Aselline,  589 
Asphalt,  555 
Asymmetric  system,  181 
Atropine,  626 

sulphate,  627 


Auri  et  sodii  chloridum,  533 
Auric  chloride,  anhydrous,  542 


DALANCR  compound  lever,  35 
D     hand,  33 

prescription,  34 

solution,  new,  36 

the,  32 
I         torsion,  36 
;  Balsams,  186 
<  Barbaloin,  645,  646 
!  Barfoed's  solution.  567 
Barii  dioxidum,  469 
BarUla,411 
Barium  dioxide,  469 
Barthel's  alcohol  lamp,  72 
Basham's  mixture,  505 
Bassorin,  565 
Bath,  sand,  79 

steam,  79 
I  water,  ^ 
I  constant,  81 

Bay  rum,  239 
Beechwood  creosote,  553 

tar,  552 
[Beeswax,  191,589 
Benne  oil,  195 
Benzene,  545,  555 
Benzin,  555 
Benzoic  aldehyde,  598 
Benzol,  555 
Benzonaphtol,  560 
Benzoyl  chloride,  600 

eugenol.  600 

guaiaooi.  554 
Berberine,  641 
Bergamiol,  598 
Beta-naphthol,  560 
Betol,  560 

Bibron's  antidote,  410 
Birch  tar,  598 
Bismuth  and  ammonium  citrate,  529 

citrate,  529 

oxide,  531 

salicyUte,  531 

subcarbonate,  530 

subpllate,  531 

subiodide,  532 

subnitrate,  530 
Bismuthi  citras,  522 

et  ammonii  citras,  522 

magbterium,  531 

subcarbonas,  522 

subnitras,  522 
Bitter  principles,  645 
Black  draught,  217 
Blancard's  pills,  332 
Blaud's  pills,  331 
Block  weights,  38 
Blue  vitriol,  533 
B«?ttger's  test,  567 
Boiler,  steam,  78 
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Boiling-fMybit,  '€t 

BorogiToeridc;.  JSa 
BoroglToerin.  JS^l 

trioxide,  41 S* 
Booipcr  mcmld,  3SC 

Bnodj,  JSS^,  ^^40 

Britiftii  gum.  -u^ 

Bnmttl.  >« 

BromiDe,  40^ 

Brr^iDr/form  -j/iZ 

Bromol. '>r»6 

BrovD  mixture .  '^/T 

Bamen  bomen,  74,  7o 

Bonier  tmfetj,  76 

BoniMV,  gaft,  7.V76 

Bomea**  distnfecciiig  fluid,  Ml 

Batter  of  cacao,  IS^S,  .>8d 

Butrl  chloral  hjdnxe,  5^9 


/CACHETS,  Mohntodts,  359 
L     riofr-floor,  S'^O 
Cadineiie,  o'/'j.  ^Jl.  602  6<X3 
Cofleinm  citrata  efierreaoeos.  St>« ,  968 
Cafieise.  627 

citratad,  efienreweot,  36*^ 
CalabariDe.  '^rl 
Calcii  bf^Hiidum.  469 

carfxjna^  pHHripitato^-  4f>& 

chloridum.  4«>i' 

hypr,ph'^i*'f  hi*,  46^* 

f»hr#«ftha/^  prxcipiutas.  465^ 

«>iilpha>  exMoca'.a*   4*«i» 
<.alcinaUon.  1> 
r/alcintd  i-la-ter.  473 
r'alciuni  brr»rrikie.  470 

caH-»nate.  471 

i-aH^-naie  |'rv»i[»ilate«i-  47«» 

chl-ride.  471 

hvdr^.ii.if,  473 

hyj-.yh^r'l'hite,  471 

la.  '."jh— f'hiiie,  syrup   224.  4f»i* 

nai  hTaIrnt->ulph«»naic.  •>*•«» 

naprit'-l-ul^'livnale.  -'•*>» 

..xi.it.  47:^ 

ph.-pK.iU.  precipitated,  472 

-ulphnif   orv>iallinf,  47:> 
drit>i.  4::> 
("al.-cul.  ''l'' 

hv.lr"-uir.rLoi.  •"'!'• 
Calx.  '4'.'.' 

.  }.l..ra:a.  4' :' 

*ulphuraT.i,  4' ".' 
Can.pheru-    '^\*' 
Camph.r.  ''-"^ 

aniti.ial   ''•'^ 


cnbeh,  600 

,605 
r,  ^68 

c,  VieTs,  327 
riJMli^dner,  AcBie.  360 
IteTCBporrX  359 
"  J  pfll  mmmn,  326 

I  oik»  202 
GH%oGe  ackC  •>>)  *>>7 


.416 

&ai^»iuae,  416 
Cnkwrl.  .>>2 

cUonde.582 
CaiboxiU  607 
Cflnra^Bcm.  oo5 
CarrBcrc4,  608 
Carv^  5^,  603 
CarrcBe.  ^ 
CaiTTipkTlkfte,  599 
Cmiot  otL  194,  dc<9 
€«Mcbol.  .>I9,  .S57 
Cavdc.  famar.  M4 

VH^iicDcd,M4 
CcOnloid.  .>48 
CcIU(Me.M6 

■hraio  -VIT 
CcBtnfngal  icparaton^  151 
Ccfaalfaa.  191 

AiTm^l91 

Ceraxe  camphor.  378 

caDtharides  378 

<kHilanf*,  378,379 

kad  «Qbaoetate.  37S,  533 

rean,  37> 

^rmacetl.  37S 

lumer  *.  oS:* 
Ceraua,  37? 
Ceratnm.  37  > 

camphonr,  378 

cantharidLs.  378 

ceiacei  o7> 

plombi  guhacefatis,  378 

resimr,  37 S 

<  eres^in   5V«6 
Cetraria   '0^^ 

decoction   214 
Ceric  salphate.  4^4 

<  'erii  ox  alas.  4*^2 
Cerium  nitrate,  4S5 

oxalate,  4>4 
Cerou<  sulphate,  484 

<  enissa.  -S^o 
ietaceum,  11*2 
ieradine.  ^■•4<» 

t  evadilliiK-,  »>40 

C  balk  mixture,  305.  306,  469 

p-»wder,  compound,  363.  469 

prtcipitaied,  470 

prepared,  471 
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Chalk  troches,  342,  469 
Charcoal,  549 

animal,  416 

wood,  416 
Chavicol,  602 

Chemical  incompatibility,  297 
Chili  saltpetre,  449 
Chloral,  583 

alcoholate,  584 

hvdrnie,  -yM 
butyl,  585 
croton,  585 

urethane,  584 
Chi onii axD id *■ ,  '» s  1 
CblomUmide,  osl 
Chloride  of  lime^  474 
Chlorine,  408 

wnter,  4tB 
Chloroftiirate  of  sodiom,  541 
Chloroauric  acid,  542 
Chloroform,  582 
Cholesltrin,  -^89 

fata,  ^yo 

Chrome  alam,  482 
Chromie  acid,  512 

aohvdride,  512 

rrw.Tirlr.  M2 
Chrysarobin,  646 
Cinchonidine,  628 

MiUcviute,  641 

sulphnte.  628 
ClocHonbe,  61*8 

sulphate,  628 
Cinene,  597 

aneol,  599.  600,  602,  603 
Cinnamic  aldehyde,  599 
Citral.  600.  601 
atr«ne,  597 
atronellal,600,  601 
Clarification,  147 
Claasification  of  natural  products  used  i 

Cleavage »  177 
ClinometHc  larrouP'  177 
Clinorhoinbohecinil  system,  181 
Clinnrhombic  Bystem,  181 
Coal  tar,  555 

creosote,  558 
Coating  for  pills,  319 

balsam  of  tolu,  327 

collodion,  327 

gelatin,  321 

keratin,  328 

pearl,  328 

salol,  329 

silver,  319 

sugar,  320 
Cocaine.  629 

hydrochloride,  629 
sjTithetic,  629 
Cocamine,  629 
Codeine,  630 
Codex  mediccmentarius,  17 


Cod-liver  oil,  194, 589 

Cohobation,  210 

eolation,  132 

Collection    and    preservation   of   crude 

druKH,  91 
Coltodiriri  canthftjidal,  285 

flexible,  285 

plain,  284 

styptic,  285 
Collodions,  284 
Collodinm,  284 

cantharidatum,  285 

flexile,  285 

stypticum,  285 
Colloid.  152 
CoUoxylin,  547 
Cologne  spirit,  573 

Comparative  table  of  metric  and  other 
fluid  measures,  31 
weights,  30 
Comprefleed-Ublet  mnriiines,  346,  347 

tabletffi,  344 

itmple  mould  for,  346 
C^^QdenserT  all  glass,  162 

Beindorf,  163 

Liebig,  161 

Mitscherlich,  164 

Squibb,  162 

worm,  163 
Confectio  rosw,  335 

senno",  3?t5 
Confections,  335, 

oflidal,  335 
Coniine,  641 
Conttisioii*  t>4 
ConvolvoliOi  606 
tJopiseraa,  489 
Coppf*r  i\v*'inip,  534 

alum,  534 

arsenite.  534 

nitrate,  534 

sulphate,  533 
Com  starch.  564 
Comutine,  642 
<  niiiimiLti^,  517 

Cotton.  546 

absorbent,  547 

benzoated,  547 

bc*nited«  ;>I7 

ftirlx^vbtwl,  547 

collodion,  547 

^n,  547 

iodized  547 

medicated,  547 

salicvlated.  547 
rv.n.„      '  193,589 

Cream  of  tartar,  432 
soluble,  433 
Creosol.  552 
Creosote,  553 

beechwood,  553 

coal-tar,  553,  558 

wood  tar,  553 
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Croeolal,  615 
Creeols,  553,  558 
Greta  pneparata,  469 
Croton  oil,  105 
Grade  tartar,  432 
Grystallization,  176 

water,  183 
Grystalloid.  152 
Giystals,  aciculari  177 

angles,  176 

axes,  176 

edges,  176 

faces,  176 

laminar,  177 

nursing,  184 

prismatic,  177 

tabular,  177 
Gabeb  camphor,  600 
Gabic  saltpetre,  449 

system,  177 
Gaminol.  600 
Gupri  sulphas,  533 
Gupram  alaminatum,  534 
Garran  water-still,  209 
Gortman's  pipettes,  41 ,  42 
Gutter  for  herbs  and  roots,  95 

vanilla,  99 
Gymene,  603 
(5^1101,605 


DAGGETT,  598 
Daturine,  626 
Dead  oil.  557 
Decantation,  145 
Decoction,  116 

cetraria,  214 

sarsaparilla,  compound,  214 
Decoctions,  213 

official,  214 
Decoloration,  149 
Decrepitation,  water,  183 
Deliquescent  crystals,  183 
Dermatol  531 
Desiccation,  157 
Desiccators,  158 
Dextrin,  540,  r)63 
Dextrose,  '">!<),  5(53,  566 
Diachylon  ointment,  373 

pLvstcr,  51)5 
Dialysate,  153 
Dialyser,  l'')2 
Dialysis,  151 
Diastase,  571 

T)iethvl.siili)honyl-dimethylmethane, 
Difliisate,  153 
Difi'usion.  152.  153 
Dij^estion,  llti 
DiiiMiosiilol,  ()15 
Dinielhylki'tone,  552 
Diniethylphenylpyrazolon,  550 
Dimelrir  system,  178 
Dimorphous  crystals,  170 
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Dii>entene,  202,  597 
Disinfecting  fluid,  Burnett's^  541 
Disintegrator,  Mead's,  95 
Dispensatories,  23 
Distillation,  159 

destructive,  174 

dry,  175 

fractional,  174 
Diterpenes,  597 
Donovan's  solution,  211 
Doubly  oblique  prismatic  sjBlem,  181 
Druff  mills,  95-101 
Drymg  oils,  187 
Duboisine,  626 
Duldtol,  566 


EARTH  WAX,  596 
£au  de  Javelle,  456 
Eqgonine,  629 

methyl,  629 

benzoyl,  629 
Ecuelle  i  piquer,  200 
Effervescent  citrated  caffeine,  :^68 

lithium  citrate,  868 

magnesium  citrate,  368 
sulphate,  368 

potassium  citrate,  368 

salts,  366 
Efflorescence,  183 
Elffioeaochara,  365 
Elaidin,  377,  592 
Elaterin,  646 

trituration,  365 
Electric  plate  stove,  71 
Elixir,  aromatic,  234 

aromaticum,  234 

ferri,  quininse  et  strychninie  pbo»- 
phatum,  234 

pepsin,  bismuth,  and  strychnine,  236 

pepsini,  bismuthi  et  strychnine,  236 

phosphates    of    iron,   quinine,  and 
strychnine,  235 

phosphori,  234 

phosphonis,  234 

vitriol,  427 
Elixirs,  233 

official,  234 
Elutriation,  104 

Emplastrum  ammoniaci  cum  hydrarxyro, 
38<>,  513 

amicje,  1^9 

belladonn|e,  389 

cantharidis,  379 

capsici,  389 

ferri,  389 

hydrargyri,  389,  513 

ichthvocollw,  389 

opii,  389 

picis  burgundicsp,  389 

picis  can  thai  idatum,  389 

pliimbi,  389,  533 

resinie,  389 
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Emplasiniin  aaponis,  389 

vesicaiu,  379 
Eknpyreuma,  175 
Eknpyreomatic  oils,  204 
Emulsifier,  Morton's,  293 
EmulsifyiDg  agents,  291,  292 
Emulsion,  almond,  294 

ammoniac,  294 

asafetida,  294 

chloroform,  294 
Emulsions,  286 

continental  method,  288 

double,  289 

English  method,  288 

ether,  290 

warn  resin,  287 

lycopodium,  287 

official,  293 

oil,  287 

seed,  287 

Yolatile  oil,  290 
Emulsum  ammoniaci,  294 

amygdabe,  294 

asafoetidae,  294 

chloroformi,  294 
Enfleurage,  201 
Enterprise  press,  150 
Epsom  salt,  480 
Ergotin,  273 
Ergotinine,  642 
Eserine,  634 

salicylate,  634 
Essence  bitter  almonds,  238 

lemon,  239 

nutmeg,  239 

peppermint,  239 

spearmint,  239 
Essences,  238 
Ethereal  oil,  577 
Ether.  575 

acetic.  576 

hydrobromic,  583 

sulphuric,  575 

petroleum,  555 
Etherification,  575 
Ethyl  acetate,  576 

aldehyde.  581 

alcohol,  571 

bromide,  583 

nitrite,  577.  578 

sulphate,  577 
Eucalyptol,  599,  600,  602 
Eugenol,  599.  602,  603 
Eophorine,  586 
Eorophen,  586 
ETaporation,  154 
Everitt's  salt,  609 
Exalgine,  556 

Exdpients  for  pill-masses,  311 
Expressed  oil  of  almond,  192 
Ezmccation,  157,  158 
Extract  aconite,  270,  272 

aloes,  270,  272 


Extract  arnica  root,  270 

belladonna  leaves,  270,  272 

dmicifuga,  270 

cinchona,  270,  272 

oolchicum  root,  270,  272 

colocynth,  270,  273 

compound,  270,  273 

oonium,  270,  273 

digitalis,  270 

ergot,  270,  273 

euonymus,  270 

gentian.  270,  274 

fflycyrrhiza,  270,  274 

hsematoxylon,  270,  274 

hyoscyamus,  270,  275 

Indian  cannabis,  270,  272 

iris,  270 

jalap,  270,  275 

luglans,  270 

Krameria,  270,  275 

leptandra,  270 

nux  Tomica,  270,  275 

opium,  270,  276 

quassia,  270,  277 

podophyllum,  270 

physostigma,  270 

rhubarb,  270,  277 

stramonium  seed.  270,  277 

taraxacum,  270,  277 

uva  ursi,  270,  277 
Extraction.  116 
Extracts,  265 

alcoholic,  268 

aqueous,  267 

British,  265 

changes,  by  evaporation,  266 

consistence  of,  266 

fluid,  255 

official,  259 

hydro-alcoholic,  268 

official,  270 

powdered,  269 
Extractum  aooniti,  271,  272 

aloes,  271,  272 

amicse,  271 

belladonnse,  272 

foliorum  alooholicam,  271,  272 

cannabis  Indicee,  271,  272 

castanee  fluidum,  261 

dmicifugse,  271 

cinchonse,  271,  272 

colchid  radicis,  271,  272 

colocynth idis,  271,  273 
compositum,  271.  273 

oonii,  271,  273 

cubebarum.  280 

digitalis,  271 

ergotae,  271,  273 

euonymi,  271 

ferri  pomatum,  508 

fllicis,  sethereum,  280 

gentianae,  271,  274 

glycyrrhizse  fluidum,  261 
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Extractum  gljcyrrhize  purum,  271|  274 
hematoxylin  271,  274 
hyoscyami,  271,  275 
iridis,  271 
jalapo,  271,  276 
luglkndis,  271 
kramerise,  271,  275 
leptandrse,  271 
lupalini  flaidam,  262 
nncis  vomicse,  271,  275 

flaidam,  262 
opii,  271,  276 
pnysostiffmatiB.  271 
podoph^lli,  271 
pram  virginianie  flaidam,  262 
quassiie,  271,  277 
rnaomi  panhianie  flaidam,  262 
rhei,  271,  277 

flaidom,  263 
sanguinaris  flaidam,  263 
sarsaparills  flaidam,  263 
scillte  flaidam,  263 
Scutellaria  flaidam,  263 
senegae  flaidam,  263 
stillingiffi  flaidam,  262 
stramonii  seminis,  271,  277 
taraxaci,  271,  277 
tritici  flaidam,  264 
avie  arei,  271,  277 

flaidam,  264 
veratri  viridis  flaidam,  264 


FARINOSE.  561 
Fats  and  fixed  oils,  186 
rancidity  of,  187 
Fehling's  solution,  567 
Fel  bovis  parificatam,  270 
Fenchone,  600 
Ferments,  animal,  649 
Ferric  acetate  solution,  502 
albuminate  solution,  509 
ammonium  sulphate,  493 
benzoate,  507 
chloride,  494 
solution,  503 
tincture,  506 
citrate,  495 

soluble,  499 
solution,  503 
wine  of,  253,  487 
ferrocTanide,  508 
h7dnie,496 
hydroxide,  496 

with  magnesia,  496 
hTpcjpVoKp^itft.  497 
1lit^^t4^  NM^lnittin,  it04 
axrhydmt^  W\  510 

pfTDphoiph«l«^  Mluble,  498 
fubsulphntfl  ^luiien,  504 
k»le  fnxlutJonf  505 
iat«,499 


Ferri  carbon  as  saocharatus,  486 
chloridum,  486 
citra8,486 

et  ammonii  citras,  487 
sulphas,  486 
tartras,  487 
et  potaasii  tartras,  487 
et  quininse  citras,  487 
solubilis,  487 
et  strychninae  citras,  487 
hypophosphis,  487 
iodidum  saocharatam,  486 
lactas,  486 
oxidum  hydratum,  487 

cum  magnesia,  487 
phosphas  solubim,  487 
pyrophosphas  solubilis,  487 
sulphas,  486 

exsiccatus,  486 
^ranulatus,  486 
Talenanas,  487 
Ferrous  bromide,  507 
carbonate  mass,  490 
pills,  331 
saccharated,  490 
iodide,  508 
pills,  332 
saccharated,  491 
syrup,  224,  492 
lactate,  491 
malate,  impure,  508 
oxalate,  508 
salicylate,  509 
sulphate,  489 
dried,  489 
granulated,  489 
Ferrum,  486 

reductum,  486 
tartaratum,  500 
i  Ferryl,  500 
Filter-bag,  133 
Filtering-media,  132,  144 
'  Filter,  oil,  Warner's,  134 
plain,  135 

Classen's,  136 
pUiited,  137 
Filter-pumps,  142 
Filtration,  132 

of  volatile  liquids,  140 
Florentine  flasks,  199 
Flowers  of  sulphur,  414 

of  zinc,  539 
Fluid  extract  aconite,  259 

apocynum,  259 
'  arnica  root,  259 

aromatic  powder,  2 
,  aBclepias,  259 

aspidosperma,  259 
I  belladonna  root,  2 

bitter  orange  peel 
buchu,  259 
calamus,  259 
calumba,  259 
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Fluid  extract  canoabU  Indica,  259 
capsicum,  259 
cascara,  tasteleas,  262 
castaoea,  259,  261 
chimaphila,  259 
chirata,  259 
cimicifuga,  259 
cinchona,  259 
coca,  259 
oolchicum  root,  259 

seed,  259 
coniam,  259 
oonvallaria,  259 
cotton-root  bark,  259 
cubeb,  259 
(nrpripedium,  259 
difiitalis,  259 
dulcamara,  259 
erpot.  260 
enodictyon,  260 
eucalyptus,  260 
eupatorium,  260 
frangula,  260 
gelsemium,  260 
gentian,  260 
geranium,  260 
ginger,  260 
glycyrrhiza,  260,  261 
grindelia,  260 
ffuarana,  260 
namamelis,  260 
Hydrastis,  260 
hyoscyamus,  260 
ipecac,  260 
iris,  260 
kousso,  260 
krameria,  260 
lappa,  260 
leptandra,  260 
lobelia,  260 
lupulin,  260,  262 
matico,  260 
menispermum,  260 
mezereum,  260 
nux  vomica,  260,  262 
pareira,  260 
Phytolacca  root,  260 
pilocarpus,  260 
podophyllum,  260 
quassia,  260 

rnamnus  purshiana,  260,  262 
rhubarb,  260,  263 
rhus  glabra,  260 
rose,  260 
rubus,  260 
rumex,  260 
sanguinaria,  260,  263 
sarsaparUla,  260,  263 

compound,  261 
savin,  261 
sooparius,  261 
Scutellaria,  261,  263 
senega,  261,  263 


I  Fluid  extract  senna,  261 
I  serpentaria,  261 

spigelia,  261 
squill,  261.  263 
stUlingia,  261,  263 
stramonium  seed,  261 
taraxacum,  261 
I  triticum,  261,  264 

uva  ursi,  261,  264 
valerian,  261 
veratrum  viride,  261,  264 
viburnum  opulus,  261 
prunifolium,  261 
wild  cherry,  261,  262 
xanthoxylum,  261 
Fluid  extracts,  255 

history,  255 
I  official,  259 

i  preparation,  257 

Formvl  terchloride.  583 
Fowlir's  solution,  212,  528 
Fractional  condensation,  174 

distillation,  174 
Fructose,  567 
Fruit  sugar,  566 
Funnels,  139 
I  hot-air,  141 

'  hot- water,  141 

Furfurol,  549 


GALACTOSE,  566 
Gallacetophenone,  612 
i  Gallactophenone.  612 
j  Gas  burners.  73-76 
'         stoves,  77 
Gelatin-coater  for  pills,  Colton's,  325 

Frandscus*,  323 
I  Maynard's,  324 

'  Patch's,  322 

I  porcupine,  322 

I  Gelatin-coating,  321 
jGeraniol,  600,  601.603 
Glasses,  medicine,  graduated,  44 
Glauber's  salt,  453 
Glonoin,  595 
I         spirit.  595 
Glucose,  563, 566 
Glucoses,  566 
(ilucosides,  645 
Gluten.  564,  566 
Glycerin,  195,  588,  595 
suppositories,  398 
(ilycente,  carbolic  acid,  230 

bismuth  and  sodium  tartrate,  237 
boroglvcerin.  231 
hvdrastis.  231 
starch.  2:U 
tannic  acid,  230 
yelk  of  egg,  232 
Glyoerites,  230 

Glyoeritum  acidi  carbolici,  230 
tannici,  230 
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Glyoeritam  amyli,  230 

boroglyoenni,  230 

hydrastis,  280 

▼iteUi,  232 
Glyceryl.  688 

borate,  231 

hydroxide,  588,  595 

trinitrate.  595 
Glycjrrrhizin,  646 

ammoniated,  646 
Gold  and  sodium  chloride,  541 

chloride,  542 
Golden  sulphur  of  antimony,  525 
Grossypium.  546  y 

Gk>ulard'8  extract,  537 
Graduates,  Acme,  41 

conical,  40 

cylindrical,  40 

Fhenix,  40 

tumbler-shaped,  40 
Granulation^  lOo 
Granular  efieryescent  salts,  366 
Granules,  308 
Granulose,  562 
Grape-sugar,  566 
Gray  powder,  514 
Grommets,  156 
Guaiac,  606 
Guaiaool,  552,  554 
Gum-resins,  186 
Gums,  true,  185, 561, 564 
Gun-cotton,  547 
Gjrpsum,  473 

dried,  473 


HEAT,  70 
amount,  71 

control,  79 

intensity,  71 

measurement,  87 

of  fluidity,  latent,  84 

regulation,  77 

sources,  71 
Heavy  oil,  .>j9 

of  wine,  577 
Hemihcdral,  177 
Ilespcridine,  597 
Hexagonal  system,  180 
HoflSmann's  anodyne,  238,  239 
Holohedral,  177 
Honey,  5(57 

adulterations,  568 

clarified,  230 

of  rosts  230 
Honeys,  230 
Hubl's  iodine  test,  591 
Hydrargyri  chloridum  corrosivum,  513 
mite,  513 

cyaniduni,  513 

iodiduin  tlavum,  513 
nibruni,  513 

oxiduin  Havum,  513 


Hydrargyri  oxidum  rubmm,  513 

subsulphas  flay  us,  513 
Hydrargyrum  amidato  bichloratum,  515 

ammoniatum,  513 

cum  creta,  513 
Hydrastin,  642 
Hydrastine,  630,  642 
Hydrastinine  hydrochloride,  630 
Hydriodic  acid,  412 

syrup,  223,  412 
Hydrocarbons,  545 
Hydrogen,  405 

dioxide,  405 

solution,  406 

phosphide,  471 
Hydroquinol,  557 
Hydroquinone,  557 
Hydronaphtol,  560 
Hydrous  wool-fat,  191 
Hygrine,  629 
Hygroscopic,  183 
Hyoscine  nydrobromide,  631 
Hyoscyamine  hydrobromide,  631 

sulphate,  631 
Hypnal,  584 
Hypodermic  tablets,  353 


TNCINERATION,  158 
1     Incompatibilities,  summarr  of,  903 
Incompatioility,  chemical,  2w 
pharmaceutical,  296 
therapeutical,  302 
Infusion,  116 
I         i>ot.  Squire's,  215 
Infusions,  215 
'         oflidal,  216 
I  Infusum  cinchona,  216 
digitalis,  216 
pruni  yirginiansB,  216 
I         sennse  compositum,  21 7 
I  Inorganic  acids,  41 7 
■         substances,  403 
,  Interstitial  water,  183 
Inulin.  563 
;  Inverted  sugar,  567 
,  Iodine.  411 
I  caustic,  Churchill's,  412 

ointment,  412 
1  solution  (LugoVs),  211,  412 

tincture,  412 
I  Churchill's,  412 

I  decolorized,  412 

'  Iodoform,  585 
!  Iron,  487 
j         albuminate,  507 

solution,  509 
I  alum,  482 

I  and  ammonium  acetate  solution,  505 

citrate,  499 
tartrate,  500 
potassium  tartrate,  500 
quinine  citrate,  501 
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Iron     and     qainine     citrate,     aoluble, 
502 

and  strychnine  citrate,  602 

arsenate,  507 
syrup,  510 

benzoate,  507 

bitter  wine  of,  253, 487 

bromide,  507 

citro-chloride,  tincture,  510 

citro-iodide,  syrup,  510 

dialyzed,  507 

ferrocyanide,  508 

iodide,  508 
pills.  332 
syrup,  tasteless,  510 

malate,  508 

mixture,  compound,  306,  493 

oxalate,  508 

oxide  saocharated,  509 
soluble,  509 
syrup,  510 

peptonate,  509 

persulphate  solution,  505 

phosphate,  508 

plaster,  887,  487 

reduced,  487 

salicylate,  509 

subcarbonate,  509 

tincture,  tasteless,  510 

troches,  342,  487 
Isocholesterin,  589 
Isomorphous  substances,  177 
Isopropylcocaine,  629 


TABORINE,  634 
tl     Jalap  extract,  270,  271,  275 

resin,  281,  606 
Javelle  water,  456 
Jervine,  640 


KENTISH  linimen^  382 
Keratin.  328 
coatinff,  328 
Keratinized  pills,  328 
Kermes  minend,  525 
Kemer's  test,  637 
Ketones.  552 
Koettstorfer's  saponification  factor,  189, 

591 
Konseal  filling  and  closing  apparatus, 

360 
Konseals,  359 
Koppeschaar's  solution,  558 


LABARRAQUFS  solution,  455 
Lactose.  568,  569 
Lactuoerin,  248 
Lactucic  acid,  248 
Lactucin,  248 
Lactncopicrin,  248 


Lard,  190,  588 

oil,  192,  588 
Lana  philosophica,  539 
Lanolin^  191,  589 
Lapis  divinus,  534 
Lead  acetate,  534 

carbonate,  535 

ointment,  376,  533 

iodide,  535 

ointment,  376,  533 

nitrate,  535 

oxide,  536 

plaster,  388,  389,  533 

subacetate  cerate.  378,  533 
solution,  536 

sugar,  535 

white,  535 
Leeching,  116 
Leuoomaines,  619 
Levieation,  104 
LeTulosan,  569 
Leyulose.  563,  567 
Lichenin,  563 
Lignin,  545,  546 
Lignose,  545 
Lime,  473 

caustic,  473 

chlorinated,  473 

liniment,  380.  469 

milk,  471,  473 

solution,  475 

saocharated,  476 

sulphurated,  474 

syrup,  224,  475 

unslaked,  473 

water,  475 
Limonene,  202,  597 
Linalool,  598,  600,  601 
Linaloyl  acetate,  598,  601 
Liniment,  ammonia,  380,  381 
camphorated,  381 

beUadonna,  380 

camphor,  380 

chloroform,  380,  381 
compound,  381 

compound  mustard,  381 

kentish,  382 

lime,  380, 469 

soap,  381 

soft  soap,  381 

turpentine,  382 

volatile,  381 
Liniments,  380 
Linimentum  ammoniae,  380,  461 

belladonnae,  380 

calcis,  380,  469 

camphors,  380 

chloroformi,  380 

saponis,  381 
mollis,  381 

sinapis  compositum,  381 

te^eDinthin8^  381 
Linolein.  588.  589 


666 


INDEX. 


Linoxin,  590 

Linseed  oil,  193,  589 

Lint,  patent,  546 

Liquor  acidi  arsenosi,  211,  522,  527 

ammonii  acetatis,  212, 461,  466 
arsenicalis,  528 
arseni  et  hjdrargyri  iodidi,  211, 522, 

527 
calci8,211,469,475 
ferri  acetatis,  212,  487,  502 
chloridi,  212.  487,  503 
citratis,  212,  487,  503 
et  ammonii  acetatis,  212, 487 ,  505 
nitratis,  212,  487,  504 
subsulphatis,  212,  487, 504 
tersulphatis,  212,  487, 505 
hydrargjn  nitratis,  212,  513,  520 
iodi  oompositas,  211 
magnesii  citratis,  212,  478,  480 
natrii  caostici,  455 
plumbi  sabacetatis,  212,  533,  536 

dilatus,  211 
potasss,  211,  212,  429.  439 
potassii  anenitis,  212, 429,  522,  528 

citratis,  212.  429,  440 
sodie,  211,  212,  442.  455 

chloratse,  212,  442.  455 
sodii  arsenatis,  211,  442,  522,  528 

silicatis,  212,  442,  456 
zinci  chloridi,  212,  533,  540 
LithaxRe,  536 
Lithii  benzoas,  458 
bromidam,  458 
arbonas,  458 
citras,  458 

effervescens,  458 
Lithium  benzoate,  458 
bromide,  458 
carbonate,  459 
citrate,  459 

eflervescent,  460 
salicylate,  460 
Liver  of  sulphur,  430 
Lixiviation,  116 
Lozenge  apparatus,  340 
board,  Harrison's,  338 

Procter's,  338 
cutters,  339 
punches,  339 
Lozenges,  ,S.*56 

ammonium  chloride,  342 

catechu,  WVl 

chalk,  342 

cubeb,  .'U2 

cutting',  337,  .340 

drvinj^,  341 

gelatin,  341 

ginger,  '.\\\\ 

glycyrrhiza  and  opium,  342 

ipe*'ac.  342 

iron,  342 

knuneriji,  .342 

morphine  and  ipecac,  .342 


I  Lozenges,  official,  342 
I         peppermint,  342 

potassium  chlorate,  343 
I         santonin,  343 
I         sodium  bicarbonate,  343 
I         tannic  acid,  342 

Lngol's  solution,  211,  412 
Lysimeter,  Rioe^s,  111 


MACERATION,  116 
Magendie's  solation,  633 
Magma,  106 
Magnesia,  478 

alt^479 

calcined,  478 

oarbona&478.  479 

citras  effervescens,  478,  480 

heavy,  478 
1         light,  478 
I         ponderosa,  478 
I         sulphas,  478.  480 
I  Magnesium  carbonate,  479 

citrate,  effervescent,  368, 480 
solution,  480 

sulphate,  480 

effervescent,  368,  480 
Maltose,  563,  568,  570 
Malt-sugar,  568,  570 
Manganese  dioxide,  511 

suli>hate,  512 
Mangani  dioxidum,  511 

sulphas,  511 
Manganous  sulphate,  512 
Mannitol.  566 
Marsh-gas,  549 
Massa  copaibse,  333 

ferri  carbonatis,  333,  486 

hydrargyri,  333i,  513 
Mass,  blue,  334 

copaiba,  333 

ferrous  carbonate.  334,  486,  490 

mercury,  334,  513 

Vallet's.  3:^ 
Mayer's  solution,  622 
Mead's  disintegrator,  95 
Measure,  fluid,  26 

imperial,  26 

standards,  26 

symbols,  26 

Onited  States,  26 

units,  26 
Measurements,  approximate,  43 
Measures,  domestic,  43 

graduate,  40,  41 
Mechanical  subdivision  of  drugs,  94 

shaker,  514 
Medicine  glasses,  44 
Mel  dcspumatum,  230 

rosae,  230 
Melt,  437 
Menstrua,  115 
Menthol,  602,  605 
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Menthone,  602,  605 

Mercaptol,  587 

Mercurial  ointment,  376,  513 

plaster,  386,  513 
Mercarie  carbolate,  520 

chloride,  corrosive,  517 

cyanide,  517 

diphenate,  520 

iodide,  red,  518 

nitrate  ointment,  377,  513 
solution,  520 

oleate,  382.  384,  513 

oxalate,  519 

oxide,  red,  519 

ointment,  376,  513 

oxide,  yellow,  518 

ointment,  376,  513 

phenate,  520 

salicylate,  521 

subeulphate,  yellow,  519 

sulphate,  520 
Mercurius  dulcis,  516 
Mercurous  chloride,  mild,  515 

iodide,  yellow,  516 

tannate,  520 
Mercury,  513 

acid  nitrate,  520 

amido-chloride,  515 

ammoniated,  515 

ointment,  376, 513 

with  chalk,  514 
Metadioxybenzene,  557 
Methane,  545 
Methozine,  556 
Methyl  acetanilid,  556 

alcohol,  549,  552 

catechol,  554 

morphine,  630 

salicylate,  598  600  604 

theobromine,  627 

Methylated  spirit,  452 

Metric  measure,  abbreTiations  in  U. 

Pharmacopoeia,  26 

standards,  32 

tables,  28,  29 

system,  27 
Metrology,  24 
Milk-sugar,  568,  569 
Mills,  96,  97,  98,  100,  101 
Mindererus,  spirit  of,  212,466 
Mineral  wax,  596 
Minim  pipettes,  41,  42 
Mistura  cretse,  305,  306,  469 

ferri  composita,  305,  306,  486 
et  ammonii  acetatis,  506 

glycyrrhizaj  composita,  306 

potaksii  citratis,  212,  441 

rhei  et  sodae,  306,  307 
Mixer  and  sifter,  103 
Mixture,  Basham^s,  212,  505 

neutral,  441 
Mixtures,  295 


'  Mixtures,  official,  305 
Molasses,  568 

I  Monobromated  camphor,  605 
I  Monoclinic  system,  181 
I  Monometric  system,  177 
Monosodium  arsenate,  444 
I  Monoenrmmetric  system,  181 
Monsers  solution,  505 
Moore's  test,  567 
Morphine  631 
aceUte.  632 
hydrochloride,  633 
meconate,  643 
sulphate,  633 
Morrhine,  589 
Morrhuol,  589 
Mortar  and  pestle,  94,  104 
Moss's  mechanical  stirrer,  156 
Moss-starch.  563 
Mother-liquor.  183 
Mucilage  acacia,  229 
ebn,  229 

sassafras  pith,  229 
tragacanth,  229 
i  Mucilages,  186,  229 
Mucilago  acaciae,  229 

sanafras  medulle,  229 
I  tragacanthae,  229 

'         ulmi,  229 
Mycose,  568 
Myrcene,  602 
Myristicin,  602 
Myristicol.  602 


VTAPHTALENE, 
11     crude.  559 


555,559 


white,  559 
Naphtalin,  556 
Naphtalol,  560 
8.    Naphtol,560 
alpha,  560 
benzoate  560 
beta,  560 
'  salicylate,  560 

Naphtosalol,  560 
Narcotine,  648 
Nataloin,  645,  646 
Nerolol,  602 
j  Nerolyl  aoeute,  602 
'  Neutnd  principles,  645 
'  Nihil  album,  539 
Nitre,  438 

cubic,  449 
,  Nitrobenzene,  555 
j  Nitrocellulose,  548 
I  Nitrogenated  oils,  203 
Nitroglycerin,  595 
Non-crystallizable  sugar,  568 
Non-drying  oils,  187 
Nursing  ciystals,  184 
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OBLIQUE  prismatic  system,  181 
Octahedral  system,  177 
Official  cerate^,  378 

confections,  335 

decoctions,  214 

definition,  21 

description,  23 

effervescent  salts,  367 

elixirs,  234 

emulsions,  293 

extracts,  270 

fats  and  fixed  oils,  190 

flaid  extracts,  259 

fflycerites,  230 

honeys,  230 

infusions,  216 

liniments  380 

lozenges,  342 

masses,  333 

mixtures,  305 

mucilages,  229 

name,  19 

ointments,  373,  376 

oleates,  384 

oleoresins,  280 

pills,  329 

plasters,  389 

powders,  363 

resins,  281 

solutions  or  liquors,  211 

spirits,  238 

sjrrups,  220 

tinctures,  243 

vinegars,  254 

waters,  206 

wines,  253 
Oil,  almond,  expressed,  192,  589 

apple,  618 

benne,  195 

black  pepper,  281 

-cake,  188 

castor,  194,  589 

ccxl-liver,  194,  589 

cottonseed,  193,  589 

croton.  195.  589 

ethereal,  577 

lard,  r.)2.  588 

linseed,  193,  589 

olive,  194,  589 

phosphonited,  415 

sesame,  194,  589 

sugars,  365 

teel,  195 
Oil  of  allspice,  603 

of  anise,  598 

of  bay,  602 

of  bergiunot,  598 

of  betulii   598 

of  birch,  598 

einpyreuiiiatic,  598 

of  bitter'iilmond,  2(K{,  5^8 
synthetic.  20:i,  598 

of  c:ide,  '/() 4,  599 


Oil  of  cajuput,  599 

of  camphor,  604 

of  caraway,  599 

of  cassia,  599 

of  chenopodium,  599 

of  cinnamon,  699 

of  doves,  599 

of  copaiba,  600 

of  coriander,  600 

of  cubeb,  600 

of  erigeron,  600 

of  eoodyptus,  600 

of  fennel,  600 

of  fleabane,  600 

of  ffauUheria,  600 

of  hedeoma,  601 

of  juniper,  601 

empyreumatic,  599 

of  lavenaer  flowers,  601 

of  lemon,  601 

of  mustard,  volatile.  601 
synthetic,  601 

of  myrcia,  602 

of  neroli,  602 

of  nutmeg.  602 

of  oranse  flowers,  602 
peeX602 

of  pennyroyal,  601 

of  peppermint.  602 

of  pimenta,  603 

of  rose,  603 

of  rosemary.  603 
I         of  santal,  603 

of  sassafras,  603 
artificial,  603 

of  savin,  603 

of  spearmint,  603 

of  sweet  birch,  598 

of  tar,  204,  603 

of  theobroma,  195,  589 

of  thyme,  ()03 
,         of  turpentine,  604 
I  rectified,  604 

of  wine,  heavy.  577 

of  wintergreen,  601 
artificial,  ()04 
synthetic,  604 

of  wormwood,  599 
'  Oils,  carbo-hvdrogen,  202 

drying,  189 
I         empyreumatic,  204 

expressed,  188 
I  fixed,  186 

nitrogenated,  203 

non  drying,  187 

oxygenated,  202 

sufphuretted,  203 

volatile.  196,  597 
Ointment,  373 

belladonna,  376 

carbolic  acid,  376 

chrysarobin,  376 

diachylon,  373 
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Ointment,  Hebra's,  377 

iod^e,  376 

iodoform,  376 

lead  carbonate,  376,  633 
iodide,  376,  533 

mercurial,  376 

ammontatedf  376 

mercuric  nitrat4;^  377 

nutgall,  376 

potausium  iodide »  376 

red  mercuric  oxide,  376 

rose  water,  373 

stramonium^  376 

sulphuFt  376 

lanDtc  acid,  376 

tar,  373 

▼eratrine,  376 

vtllnw  rr-  !  itTt'"  oxide,  376 

kinc  oxide,  376,  533 
Ointments,  370,  371 

preparation  by  chemical  action, 
bj  fusion,  372 
by  incorporation,  373 
Oleate^  mercuric,  3S4 

potasedum  jsoluticin),  383 

sodium  (dilution),  3S3 

▼eratrine,  384 

zinc,  384,  533 

Dowdered,  384 
Oleates,  882 

normal,  382 

ointments  of,  384 
Oleio,  190,  688,  680 
dale,  371   bn 
Oleoeaocbara.  365 
Oleorc^in  fi^idttirn,  280 

capsicum,  280 

cubeb,  280 

ffinger,  281 

lupulin,  280 

male  fern,  280 

pepper,  281 
Oleoresina  aspidii,  280 

filicis,  280 

capsici,  280 

cubebse,  280 

lupulini,  280 

piperis,  281 

stmpberif^  281 
01eore?^ins.  L>6,  278 

official,  2fi0 
Oleum  odipift,  192 

am?ti|dalH>  expresBunt,  192 

betulmumj  h\^% 

lilidi  luoris,  280 

^seipii  iemioH  193 

jecririsi  aaeUl,  ]{H 

lini,  \m 

morrhuae,  194 

mascoviticum,  598 

olivte,  194 

phosphoratum,  415 

ricini,  194 


376 


Oleum  nuci,  598 

sesami,  195 

tbeobromaUi,  195    . 

tiglii,  195 
Oriole  tablet-cctmpreMor,  347 
Ortbodioivlxjiuficue,  557 
Orthomelric  group,  177 
Oiide»  antiiQOiiy,  523 

bismuth  T  6^1 

lead,  536 

mercory,  red,  519 
yellow,  518 

sine.  539 
Oxylinolein,  590 
Ozokerite,  596 


DALMITIN,  rm 
1      Faticj^eatin,  S50 
Fiiper  pulp  for  filter ittg^  144 
Parabm.  i^65 
Para-ac«tphenetidin,  569 
FaralBn,  596 

oils,  596 
Paraldehyde,  581 
Parodyne,  566 
Pearl  coating  of  pills,  328 
Pearls,  apio^  327 

chloroform,  327 

ether,  327 
Pectase,565 
Pectin,  565 
Pectoee,  565 
Pectosic  acid,  565 
Pepsin,  651 

f^ct'liiirated,  654 
Pepsinogen,  651 

Percenla^  a^ljustment  in  liquids,  65,  66 
m  soltda,  67,  68 

solutions,  1 14 
Percolaimg-stand,  ISO 
Percolation,  117 

continuous,  131 
PercolaUir,  copper,  123  » 

for  volatile  liquids,  glass,  121 
tin.  122 

glass,  119, 120 

Oldberg,  119 

pressure,  Count  Real,  124 

tin,  covered,  120 

well-tube,  Squibb,  123 
Percolators,  118 

pressure,  124 
Petroleum  benzin,  696 

ether,  555,  596 

products,  595 
Petrolatum,  695 

hard,  595 

liquid,  595 

soft,  595 
Pharmaceutical  incompatibility,  296 
Pharmacopivias,  17 
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Pharmacopoeias,  historj.  17 
Pharmaoopceia,  United  States,  18 
arrangement,  18 
plan,  18 
Phellandrene,  202,  597,  602 
Phenaoetin,  559 
Phenazone,  556 
Phenol,  pure,  557 
Phenols,  558 
Phenylamine,  556 
Phenjlacetamide,  556 
Phenyl  salicylate,  614 
Philosophers'  wool,  539 
Phosphme,  471 
Phosphorated  oil,  415 
Phosphorus,  415 
Physetolein,  588,  589 
Physostigmine,  633 
salicylate,  633 
sulphate,  634 
Picrotoxin,  647 
Pill-coating,  319 

•compressor,  Smedley,  346 

-dusting,  318 

-finisher,  hard-wood,  318 

-machine,  317 

-masses,  division,  816 

machines  for  mixing,  310 
-mortars,  309 
-roller,  317 
-tile,  317 
PiUs,  308 

aloes,  329 

aloes  and  asafetida,  329,  330 
and  iron,  329 
and  mastic,  329 
and  myrrh,  329 
alterative,  Plummer's,  331 
antimony  (compound*, 330,  331, 
asafetida,  330 
Blancard's,  332 
Blaud8,331 

carbonate  of  iron,  330,  331 
,    cathartic  compound,  330,  331 
veji?etable,  .':J30 
ferrous  carlK)nate.  331 

iodide,  330.  332 
Ladv  Webster  dinner,  331 
ofiic'ial,  32^ 
opium,  330 
phosplionw,  .S.SO,  332 
Plummer's,  331 
rhul)arl),  330 

cunipouiid.  ;i.30,  ,333 
Pilocarpine,  ♦Wi4 

hydrochloride,  034 
nitrate,  ♦143 
Piloc:irpidine,  ()34 
Piluhe  aloes,  321» 

ft  asaf.itidse,  3211 
et  ferri,  329 
et  nia-stiehes,  329 
et  niyrrhie,  329 


PUolse,  antimonii  oompoaitie,  330,  331, 
522 
asafoetidae,  330 
cathartice  comporitje,  330 

▼egetabiles,  330 
ferri  carbonatis,  330,  331,  486 
iodidi,  330,  332,  486 
opii.  330 

phosphori,  330,  332 
rhei,  380 

compoaits,  330,  333 
1  Pinene,  202,  597,  600,  601,  602,  603,  6(4 
I  Piperoid,  281 
j  Pipettes,  42 
I  Pitch,  555 

bUu:k,  553 
liquid,  553 
Pix  liquida,  553 
Plasma,  371,  563 
gly;cerini,  371 
I  Plaster,'  adhesive,  389 

ammoniac,  with  mercury,  389,  513 
arnica,  389 
belladonna,  389 
{         Bui-^undy  pitch,  389 
t         capsicum,  389 

court,  389 
I         diachylon,  595 
I         fly,  388 
I         iron,  389 
j         isinglass,  389 
le«C  ^%  533 
-masses,  389 
mercurial,  389 
opium,  389 

pitch,  cantharidal,  389 
resin,  389 
roller,  387 
522  soap,  389 

I  warming,  389 

Plasters,  385 
breast,  387 
mammary,  387 
porous,  388 
spreading,  387 
Plumbi  acetas,  533 
carbonas,  533 
iodidum,  533 
nitras,  533 
ozidum,  533 
Podophyllin,  282 
Podophyllotoxin,  606 
Podophyllum  resin,  282 
Polymorphous,  177 
Polysolve,  .371,  592 
Polyterpenes,  597 
Potash,  caustic,  429 
retl  pruKsiate,  437 
yellow  prussiate,  437 
Potassa,  429 

cum  calce,  429 
solution,  439 
sulphurata,  429 
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Potassa,  sulphurated,  430 

with  lime,  429 
Potaasii  acetas,  429 

bicarbonas,  429 

bichromas,  429 

bitartras,  429 

bromidum.  429 

carbonas,  429  I 

chloras,  429 

citras.  429 

efiervescens,  429 

cyanidam,  429 

et  sodii  tartras,  429 

ferrocyanidum,  429 

hypophosphitum,  429 

i(>aidum,  429 

nitras,  429 

permanganas,  429 

sulphas,  429 
Potassium  acetate,  431 

alum,  482 

and  sodium  tartrate,  436 
borotartrate,  433 

arsenite  solution,  440,  513,  528 

benzenesulphonate,  558 

benzoate,  441 

bicarbonate,  431 

bichromate,  432 

bitartrate,  432 

bromide,  433 

carbonate,  434 

chlorate,  435 
troches,  343 

chloride,  441 

citrate,  435 

effervescent  435 
solution,  440 

cyanate,  436 

cyanide,  436 

dichromate,  432 

ferricyanide,  437 

ferrocvanide,  437 

hypophosphite,  437 

iocfate,  438 

iodide,  438 

manganate,  438  I 

nitrate,  438  ' 

permanganate,  438  \ 

salicylate,  441  I 

sulphate,  439 

sulphite,  441 

tartrate,  441 
Potio  Riveri,  456 
Powder,  antimonial,  363,  522 

aromatic,  363 

chalk,  compound,  363 

-divider,  Michael's,  1^6 

Dover's,  363.  364 

effervescent,  compound,  664 

glycyrrhira,  compound,  363,  364 

^ray,  514 

ipecac  and  opium,  364 

jalap,  compound,  364 


Powder,  James,  363 

liquorice,  compound,  363,  364 
morphine,  compound,  363,  364 
rhubarb,  compound,  363,  364 
Seidlitz,  363 
Tully's,  363,  364 

Powders,  354 

in  capsules,  358 
wafers,  359 
preoaration  of  mixed,  365 

Practical  pharmacy,  206 

Precipitant,  105 

Precipitate,  105 

Precipitation,  106 

Prentiss  alcohol-reclaimer,  167 

Press,  enterprise,  150 
tincture,  149 

Pricking-basin,  200 

ProUius'  fluid.  621 

Proof-spirit,  574 

Propane,  588 

Propenyl.  588 
alcohol,  688 
trinitrate,  595 

Proteolysis,  649 

Ptomaines.  619 

Ptyalin,  649 

Pule^ne,  601 

Pulvis  antimonialis,  364,  522 
aromaticus,  364 
cretie  oompositos,  364,  469 
effervescens  compositus,  363,  364 
elycyrrhizie  compositus,  363,  364 
ipecacuanhse  et  opii,  363,  364 
jalapse  compositus,  363,  364 
morphinse  compositus,  363,  364 
rhei  compositus,  363,  364 

Pycnometers,  46 

Pyridine,  619 

Pyroaoetic  spirit,  552 

Pvrocatechin,  549,  557 

Pyrogallol.  611 

Pyroligneous  acid,  549. 

Pyrolusite,  511 

Pyroxylic  spirit,  552 

Pyroxylin,  547 


QUADRATIC  system,  178 
Quinidine  635 
sulphate,  6;^') 
Quinine,  63.) 

bisulphate,  636 

bromide,  6;J6 

disulphate,  637 

hydrobromide  636 

hydrochloride,  637 

muriate,  637 

salicylate.  643 

sulphate,  637 

tannate,  643 

valerianate,  638 
Quinoline,  619 
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REAGENT,  DragondorflTg,  621 
Mamie's,  621 

Mayer's,  621 

Scheibler's,  621 

Soxmenschein'si  621 
Beagents,  alkaloidal,  621 
Beceiver  for  volatile  oils,  199,  200 
Beeeiving-jars,  glass,  128 
Bedistillation,  210 
Bed  precipitate,  519 

pruasiate  of  potash,  437 
Bedoction,  106 

Begiilar  system  of  crystallization,  177 
Benna  jalapfe,  281 

podophylli,  281 

scammonii,  281 
Besin  jalap,  281,  606 

podophyllum,  282,  606 

scammony,  282,  606 
Besinol,  606 
Besinotannols,  606 
Besins.  185, 281 

official,  281 
Bepercolation,  130 
Beeorcin,  556 
Bhodinol.  603 
Beeorcinol,  557 
Bhombic  system,  179 
Bhombohedral  system,  180 
Bice's  lysimeter.  111 

stUl,  170 
Bicinolein,  589 
Bight  prismatic  system,  179 
Bochelle  salt,  436 
Bock  salt,  448 
Bousseau's  densimeter,  58 


SABA  DINE,  640 
Sabadinine,  640 
Sabadilline,  640 
Saccharic  acid.  570 
Saccharides.  561 
Saccharoses,  568 
Saccharum,  668 

lactis,  569 
Safety  tubes,  161 

valve,  Wislicenus,  144 
Safrene,  i\(Y.\ 
Safrol,  (503,  (K)4 
Salicin,  047 
Salicyamide,  614 
Salicylic  acid.  ()13 
Salinaphlol,  .Vio 
Saliphen,  014 
Salipvrine,  614 
Salol,'6l4 

coating  for  pills,  329 
Salophen,  614 
Sal  prunelle,  438 

Scignette,  437 
Salt,  Epsom,  480 

Everitt's,  609 


Salt,  Glauber's  453 
BocheUe,  436 
rock,  448 
Schlippe's,  525 
Saltpetre,  438 
Chili,  449 
Salts,  effervescent,  366 
Salumin,  615 
Santalal,  603 
Santalol,  603 
Santonin,  647 
Sapo.  594 

Kalinus,  594 
moUis,  594 
Saponification,  592 
Saturated  solutions,  112 
Scales,  hand,  33 

prescription  box,  35 
torsion  counter,  37 
Troemner  dispensing,  35 
Scammonin,  606 
Hchaefer's  test,  638 
Scheele's  hydrocyanic  add,  610 

test,  610 
Schlippe's  salt,  525 
Schweitzer's  reagent,  546 
Separation  of  non- volatile  matter,  132 

of  volatile  matter,  154 
Separators,  145 

centrifugal,  151 
Sesame  oil,  195 
Sesquiterpenes,  202,  597 
I  Sifter  and  mixer,  103 
Sifting,  101 
Silver  cyanide,  542 
I         iodide,  543 
I  nitrate.  543 

'  diluted,  543 

I  mouldeid,  544 

oxide,  544 
Simple  solutions,  211 
'  Sinalbin,  601 
I  Sinig^in,  601 
I  Siphons,  147 

'  Smedley  pill-compressor,  346 
I  Soap,  white  Castile,  594 

green,  594 
I  hard,  594 

I         lead,  594 
j  marine,  593 

soft,  594 
Soaps,  medicated,  593 
I  official,  694 

I  superfatted,  593 

I  Socaloin,  645,  646 
i  Soda. 442 

by  lime,  442 
I  caustic,  44*2 

chlorinated,  solution,  455 
I  solution,  455 

]  tartarata,  437 

I  Sodii  acetas,  442 
!  arsenas,  442 
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Sodii  benzoas,  442 
bicarbonas.  442 
bisolphis,  442 
boras.  442 
bromidum,  442 
carbonas,  442 

exsiccatus,  442 
chloras,  442 
chloridum,  442 
hypophosphis,  442 
hy{)osulpni8,  442 
iodidam,  442 
nitras,  442 
nitris,  442 
phosphafs  442 
pyrophosphas,  442 
salicvlas,  442 
sulpfiasy  442 
salphis,  442 
sulphocarbolas,  442 
Sodlom  acetate,  443 
arsenate,  448 

solution,  528 
benzenemetadisalphonate,  556 
benzenesulphonate,  558 
benzoate,  444 
bi  borate,  445 
bicarbonate,  444 

troches,  843 
bisulphite,  445 
borate,  445 
bromide,  446 
carbonate.  446 

dried,  447 
chlorate,  448 
chloride,  448 
citrate,  456 
ethylate,  457 
ethVlsulphate,  457 
hydroxide,  442 
hypophosphite,  448 
hyposulphite,  454 
iodide,  448 
meta-antimonate,  524 
napthol,  560 
nitrate,  449 
nitrite,  449 

paraphenolsulphonate,  453 
phenol,  557 
phosphate,  451 

dried,  451 

ettervescent,  452 
pyro-arHcnate,  524 
pyro-borate.  445 
pyro-phosphate,  452 
.     resorcin,  557 
salicybite,  45*2 
santoninate,  457 
silicate,  solution,  456 
sulphate,  452 

drie<l,  458 

efierveHcent,  453 
sulphite,  458 


Sodium  sulphoantimonate,  525 
sulphoantimonite,  525 
solphocarbolate,  453 
snlphovinate,  457 
tartrate,  457 
tetraborate,  445 
thiosulphate,  454 
valerianate,  457 
Solubility,  determination  of,  110 

lysimeter  for,  111 
Solution,  108 

aluminum  acetate,  484 
ammonia,  465 

caustic,  465 
ammonium  acetate,  466 
arsenic  and  mercuric  iodide,  527 
arsenous  acid,  527 
Barfoed's,  567 
chemical,  108 
chlorinated  potaasa,  456 

soda,  455 
complex,  108 
Donovan's,  211,  527 
Fehling^s,  567 
ferric  acetate,  502 

chloride,  503 

citrate,  503 

nitrate,  504 

subsulphate,  504 

sulphate,  505 
Fowler  s,  212,  528 
hydrogen  dioxide,  405 
iodine,  compound.  412 
iron  albuminate,  509 

and  ammonium  acetate,  505 
Koppeschaar's,  558 
Labarraque*s,  212 
lead  subacetate,  538,  586 
lime,  475 

saccharated,  476 
Lugol's,  211,  412 
Magendie*s,  633 
magnesium  citrate,  480 
Mayer's.  622 
mercuric  nitrate,  520 
MonseFs,  212  505 
morphine  bimeoonate,  (>43 
Pearson's,  529 
potassa,  439 
potassium  anenite,  528 

citrate,  440 
simple,  108 
soda,  455 
sodium  arsenate,  528 

silicate,  456 
Solutions,  chemical,  211 
percentage.  114 
saturated,  112 
simplo,  211 
supersaturated,  112 
Solvents,  115 
Somnal.  584 
Sorbinose,  56t) 
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Sorghum,  568 
Sozoiodol,  586 
Sozoiodolic  acid,  586 
Sparteine  sulphate,  638 
Specific  gravity,  45 

adjustment  by  volume,  63,  64 

by  weight,  64,  66 
areometers,  53 
areo-pycnometer,  58 
balance,  Mohr's.  51 

Westphal,  51 
beads,  Lovi's,  52 
bottle,  47,  49 
cylinder  loaded,  50 
aensimeter,  Rousseau's,  58 
class  or  metal  plummet,  50 
Grauer's  method  for  determin- 
ing, 50 
hydrometers,  53-57 
Baume,  55 

rules  for,  55 
double,  56 
Nicholson's,  56 
spirit,  57 
Twaddell's  56 
liouids,  46 
solids,  59 

^^^uated  cvlinder  for,  60 
m  powder,  §2 
methods  of  finding,  60,  61 
urinometer  and  cylinder,  58 
water,  table,  48 
volume,  62 
Spermaceti,  192,  589 
Spirit  ammonia,  238,  240,  4G1,  466 
aromatic,  238,  240,  461,  466 
anise,  238 
bitter  almond,  238 
camphor,  238 
chloroform,  238 
cinnamon,  238 
cologne,  573 
ether,  238,  239 
gaultheria,  239 
elonoin,  239 
harti<horn,  465 
juniper,  239 

compound,  239 
lavender,  239 
lemon,  239 
myrciiL,  239 
n i*tr< )glycerin ,  239 
nitrons  ether,  23S,  239,  577 
nutmeg,  239 
orange,  238 

(•onipound,  238 
peppermint,  239 
plioM)liorus,  238,  240 
prooi,  'u  \ 
sj>earniint,  2,39 
Spirits,  2:iS 

(.tHcial,  238 
Spiritus  a'theris  238 


Spiritus  stheris  compomtas,  238,  239 
I  nitrosi,  238,  239 

;         ammonife,  238,  240,  461 
,  aromaticus,  238,  240,  461 

amygdalae  amarse,  238 

anisi,  238 

aurantii,  238 

compositns,  238 

camphorse,  238 

chloroformi,  238 

cinnamomi,  238 

frumenti,  239,  240 

gaultheriffi,  239 

fflonoini,  239 

juniperi,  239 

compositns,  239 

lavandulse,  239 

limonis,  239 

menthfe  piperita,  239 
viridis,  239 

myrcise,  239 

myristicie,  239 

phosphori,  239,  240 
I  vini  gallici,  239,  240 

i  Square  prismatic  system,  178 
I  Starch,  561 
I         com,  564 

glycerite  of,  564 
i         official,  564 
I         moss,  563 
,  potato.  563 

I         soluble,  562 
I  Steam  press  for  fixed  oils,  188 
I  Steapain.  6r>() 
I  Stearin,  190,  588 

1  Stibium  sulphuratum  aurantiacum,  525 
I  Still,  Anderson's,  167 
I  Beck's,  165 

I         copper,  169 
I  Remington,  166 

I  Rice's,  170 

1  Stills,  165 
I  automatic,  169 

i         dreg,  171 
I  vacuum,  172 

!  Strainers,  133 
{ Straining,  132 

!  Straw  rings  for  supporting  dishes,  15t> 
'  Strontii  bromidum,  469 
I  io<liduiii,  409 

'  lactas,  469 

I  Strontium  bromide,  476 

iodide,  476 

lactate,  477 
Strj'chnine,  639 

sulphate,  640 
I  Sublimation,  175 
(  Sucrose,  508 
.  Suet,  588 
.  Sugar,  beet,  558 
;  cjme,  568 

coating  for  pills,  379 

fruit,  ")06 
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Sagar,  grape,  566 

inverted.  563,  567 

malt,  568,  570 

milk,  568,  570 

peat,  573 

raw,  668 
Sulphaminoly  586 
Solphonal,  587 
Saipho-oleates,  592 
Salphar,  414 

flowers,  414 

iodide,  415 

liver,  430 

lotum,  414 

milk,  415 

of  antimonv,  golden,  525 

precipitated,  415 

sublimed,  414 

washed,  414 
Sulphurated  antimonv,  525 
Sulphuretted  oils,  203 
Summary  of  incompatibilities,  303 
Supersaturated  solutions,  112 
Suppository  box,  401 

compressor,  Genese.  396 

machine,  Archibald's,  394 
Whitall's,  395 

mould,  Blackmann,  394 
Maris's,  393 
See's,  394 

"The  Perfection,"  395 
Wirz's,  395 

shells,  cacao-butter,  400 
gelatin,  400 
tinfoil,  400 
Suppositories,  389 

glycerin,  398 

rectal,  390 

vaginal,  390 

Wellcome-shape,  390 
Sylvestrene,  202,  597 
Syrup  acacia,  223 

almond,  221 

althaea,  224 

blackberry,  227 

calcium  lactophosphate,  224,  469 

citric  acid,  221 

ferrous  iodide,  224,  492 

garlic,  223 

einger,  223 

hydnodic  acid,  223.  412 

hypophosphites.  225 
with  iron,  225 

iodide  of  iron,  tastelew,  510 

ipecac,  225 

iron  arsenate,  510 
citro-iodide,  olO 
soluble  oxide,  510 

krameria,  225 

lactucarium,  225 

lime.  224,  469,  4.5 

official,  221,  568 

orange,  221 


Symp  orange  flowers,  221 
orgeat,  221 

phosphates  iron,  quinine,  and  strych- 
nine, 225 
raspberry,  221 
rhubarb,  226 

aromatic  (spiced),  226 
rose,  227 
I         rubus,  227 

'  sarsaparilla,  compound,  227 

i         senega,  228 
senna,  228 
simple,  221 
:  squill,  227 

I  compound,  227 

tar,  226 
tolu,  222 
wild  cherry,  226 
Syrup,  218 

flavoring,  221 
!  medicated,  223 

,         official,  220 

preparation,  218 
preservation,  220 
Syrupus  221 

acaciae,  223 
I         acidi  citrici.  221 
'  hydriodici,  223 

aim,  223 
althsese,  224 
I         amygdalae,  221 
I         aurantii,  221 

florum,  221 
calcii  lactophosphatis,  224,  469 
calcis,  224,  469 
ferri  iodidi,  224,  492 

quininae    et    strychninae    pho6- 
phatum,  225 
hypophosphitum,  225 

cum  ferro,  225 
ipecacuanhse,  225 
krameriae,  225 
lactucarii,  225 
picis  li(^uidae,  226 
pruni  virginianae,  226 
rhei,  226 

aromaticus,  226 
ro8«,  227 
rubi,  227 

idffi,  221 
sarsaparillse  compositus,  227 
scillse,  227 

compositus,  227 
senegae,  228 
sennae,  228 
tolutanus,  222 
zingiberis,  223 

TABLE,  comparative,  metric  and  apoth- 
ecaries' fluid  measures,  31 
I  metric    with    avoirdupois    and 

apothecaries'  weight,  30 
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Table  of  different  national  Pharmaoo- 
pceiasy  17 

of  official  tinctures  arranged  accord- 
ing to  strength,  246 

of  the  specific  gravity  of  water  as  ob- 
served at  different  temperatures.  48 

of  the  volume  of  one  pound  in  aif- 
ferent  liquids  of  official  qualit^r,  27 

showing  the  number  of  drops  in  a 
fluid  drachm,  43 
Tables  of  metrical  measures,  28,  29 
Tablet-compressor,  the  Oriole,  348 

-saturates,  353 

-triturate  mould,  351 
Colton's,  352 

-triturates,  349 
Tablets,  hypodermic,  353 
Tannin,  6l5,  616 
Tar,  553 

birch,  598 

coal,  derivatives,  555 
Tartar,  cream  of,  432 

crude.  432 

emetic,  523 

salt  of,  434 
Tartrated  antimony,  523 
Tartarus  boraxatus,  433 

natronatus,  437 

stibiatus,  523 
Teel  oil,  195 
Tenaculum,  134 
Terebene,  606 
Terpenes.  202,  597 
Terpineol,  599,  606 
Terpin  hydrate,  604,  605 
Tessular  system,  177 
Test,  Boettger's  567 

Hubl's  iodine,  591 

Kemer's,  637 

Moore's,  567 

Schaefer's,  638 

Scheele*a,  610 

Trommer's,  567 
Tetragonal  system,  178 
Tetronal,  58*7 
Thalleio<iuin,  638 
Thermostats,  77 
Thiosinamine,  602 
Three  Samsons  of  medicine,  528 
Thymol,  60:i,  6(M) 
Tinctura  aconiti,  243,  247 

aloes,  24.*J,  247 

et  myrrhee,  243 

arnicjt*  florum,  243,  247 
radicis,  243 

asaf(vti(l.'i»,  245,  247 

auraiitii  amari,  243 
diilcis,  243,  247 

belladonna*  folior.,  243 

benzoini,  24.") 

coniposita,  24.'>,  247 

brvonia',  243,  247 

cah'Utluhe,  243 


I  Tinctura  calumbe,  243 

I         cannabis  Indicae,  243,  247 

I         cantharidis,  243 

I         capsici,  243 

I         cardamomi,  243 

I  oomposita,  243 

I         catechu  oomposita,  243 

I         chiraUe,  243 

I         cimicifugie,  243 

I         cinchontt,  243 

oompoeita,  243 

dnnamomi,  243,  248 

oolchici  seminia,  243 

croci,  243 

cubebse,  243 

digitalis,  243 

ferri  chloridi,  244,  248 

g^lffi,  243,  248 

gelsemii,  243 

gentians  oompoeita,  243 

guaiaci,  245 

ammoniata,  245 

herbarum  recentium,  245,  248 

humuli,  243 

hydrastis,  243 

hyoscyami,  243 

ipecacuanhae  et  opii,  244,  248 

iodi,  244 

Idno,  245,  248 

krameritt,  243 

lactucarii,  243,  248 

lavandulse  oomposita,  244 

lobeliie,  244 

matico,  244 

moschi,  245,  248 

myrrhfe,  245 

nucis  vomiae,  244,  249 

opii,  244,  249 

camphorata,  245 
deodorati,  244,  249 

physostigmatis,  244,  250 

pyrethri,  244 

quassise,  244,  250 

quillajse,  245,  250 

rhei,  244 

aromatica,  244 
dulcis.  244 

sanguinarise,  244,  250 

scillffi,  244 

serpentariee,  244 

stramonii  seminis,  244 

strophanthi,  244,  250 

sumbul,  244 

tolutana,  245 

valeriante,  244 

ammoniata,  244 

vanillse,  244 

veratri  viridis,  244 

zingiberia,  244 
Tinture  aconite,  243,  247 
Flemings,  247 

aloes,  243,  247 

and  myrrh,  243 
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Tincture  arnica  flowers,  243,  247 

root,  243 
asafetida,  245,  247 
belladonna  leaves,  244 
benzoin,  245 

compoond,  245,  247  . 
bitter  oranse  peel,  243 
bryony,  243,  247 
calabar  bean,  250 
calendula,  243 
calumba,  243 
cantharides,  243 
capsicum,  243 
cardamom,  243 

compound,  243 
catechu,  243 

compound,  243 
chirata,  243 
cimicifuga,  243 
cinchona,  243 

compound,  243 
cinnamon,  243w  248 
colchicum  seed,  243 
cubeb,  243 
digitalis,  243 

ferric  chloride,  244,  248,  506 
gelsemium,  243 
gentian,  243 

compound,  244 
gin^r,  244 
guaiac,  245 

ammoniated,  245 
hops,  243 
hydrastis,  243 
hyoscyamus,  243 
ipecac  and  opium,  244,  248 
iodine,  244 

ChurchiU's,  412 

decolorized,  412 
iron  citrochloride,  510 

tasteless,  510 
kino,  245,  248 
krameria,  243 
lactucarium,  243,  248 
lavender,  compound,  244 
lobelia,  244 
matico,  244 
musk,  244,  248 
myrrh,  245 
nutgall,  243,  248 
nux  vomica,  244,  249 
opium,  244,  249 

camphorated,  245 

deodorized,  244,  249 
phosphorus,  239 
physostigma,  244,  250 
press,  149 
pyrethrum,  244 
quassia,  244,  250 
quillaja,  24.%  250 
rhubarb,  244 

aromatic,  244 

sweet,  244 


Tincture  saffron,  243 

sanguinaria,  244,  250 

serpentaria,  244 

squill,  244 

stramonium  seed,  244 

strophanthus,  244,  250 

sumbul,  244 

sweet  orange  peel,  243,  247 

tolu,  245 

valerian,  244 

ammoniated,  244 

vanilla,  244 

veratrum  viride,  244 
Tinctures,  241 

made  by  decoction,  245 
maceration,  245 
percolation,  243 
solution,  244,  246 

official.  243,  246 

of  fresh  herbs,  248 
Tolu-coating  for  pills,  327 
Toluene,  555 
Torrefaction,  158 
Tragacanth,  564 
Trehalose.  568 
Triacontan,  598,  600 
Tribromomethane,  583 
Tribromophenol,  558 
Tricaldum  phosphate,  472 
Trichlormethane^  583 
Triclinic  system,  181 
Trimethylamine,  589 
Trimethylxanthine,  627 
Trimetric  system,  179 
Trimorphous  crystals,  176 
Trinitrm,  595 
Trional,  587 
Trisodium  arsenate,  444 
Trituration  of  elaterin,  365 
Triturations,  865 
Troches,  336 
Trochisci  acidi  tannici,  342 

ammonii  chloridi,  342,  461 

catechu,  342 

Crete,  342,  469 

cubebffi,  342 

ferri,  342,  487 

fflycyrrhizae  et  opii,  342 

ipecacuanhe,  342 

krameriae,  342 

menthie  piperitae,  342 

morphine  et  ipecacuanhae,  342 

potassii  chloratis,  343,  429 

santonini,  343 

sodii  bicarbonatis,  343,  442 

zingiberis,  343 
True  weight,  24 
Truxilline,  629 
Trypsin,  650 

Tubulated  retort  and  flask  receiver,  161 
Turpeth  mineral,  520 
Tutia,  539 
Tutty,  539 
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UNGUENTUM,  373 
acidi  carbolici,  376 
tannici,  376 
aquae  rosse,  373 
belladonnse)  376 
caseini,  372 
chrysarobiniy  376 
diachylon,  373 
ffallffi,  376 

hydrargyri,  376,  513 
ammoniati,  376,  513 
nitratii},  377,  513 
oxidi  flavi,  376,  513 
rubri,  376,  513 
iodi,  376 
iodoformi,  376 
picis  liquids,  373 
plumbi  carbonatiis,  376,  533 

iodidi,  376,  533 
potassii  iodidi,  376 
fttramonii,  376 
sulphuris,  376 
▼eratrini,  376 
zinci  oxidi,  376,  533 
Ural,  584 
Uralium.  584 
Urethane,  586 


VALERALDEHYDE,  602 
Vegetable  jelly,  565 
Veratrine,  640 
Veratroidine,  640 
Vessels  for  crystallization,  184 
Viel's  capsulator,  327 
Vinegar  opium,  254 
squill,  254 
'     wood,  549 
Vinegars,  253 

official,  254 
Vinum  antimonii,  253,  522 
colchici  radicis,  253 

seminis,  253 
ergotee,  253 
ferri  amarum,  253,  487 

citratis,  253,  487 
ipecacuanhse,  253 
opii,  253 
Vitriol,  blue,  533 

elixir,  427 
Volatile  oils,  196 

chemical  composition,  597 
classification,  202 
distillation,  198 
expression,  200 
extraction,  201 
official,  598 

pneumatic  methods  for  obtain- 
ing, 201 
Volume  of  one  pound  in  various  liquids 
(table),  27 


WATER,  405 
ammonia,  207,  464 
stronger,  207,  465 

anise,  208 

bitter  almond,  207 

camphor,  208 

chlorine,  207,  408 

chloroform,  207 

cinnamon,  208 

creosote,  207 

distilled,  208 

fennel,  208 

interstitial,  183 

lead.  211,  537 

of  crystallization,  183 
decrepitation,  183 

orange  flower,  207 

stronger,  208 

peppermint,  208 

spearmint,  208 

rose,  207 

stronger,  208 

-still,  Curran's,  209 
Waters,  aromatic,  208 

medicated,  206 

official,  207,  208 
Wax,  earth,  596 

mineral,  596 

white,  191 

yellow,  191 
Weighing,  rules  for,  39 
Weight,  apothecaries',  25 

avoiraupois,  24 

^ross,  39 

imperial,  24,  26 

metric,  27 

net,  39 

standards,  25 

symbols,  25 

tare,  39 

troy,  24 
Weights,  aluminum,  39 

and  measures,  24 

apothecaries',  38 

block,  38 

cup,  38 

metric  prescription,  39 
White,  nothing,  539 

precipitate,  515 
Wine  antimony,  253,  522 

colchicum  root,  253 
seed,  253 

ergot,  253 

ipecac,  253 

iron,  bitter,  253 

iron  citrate,  253 

opium,  253 

red,  251 

white,  251 
Wines,  251 

detannating,  251 

medicated,  252 

official,  253 
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Wood  alcohol,  549,  5o2 

naphtha.  552 

vinegar,  549 
Wool-fat,  hydrous,  191 

ZINC  acetate,  537 
bromide,  537 

carbonate,  precipitated,  538 
chloride,  538 

solution,  540 
flowers,  539 
hvpophosphite,  541 
iodide,  539 
lactate,  541 
ointment,  376,  533 
oleate,  384,  533 
oxide,  539 


Zinc  phosphate,  541 

phosphide,  539 
I  salicvlate,  541 

'         sulpdate,  540 

sulphocarbolate,  541 

valerianate,  540 
Zinci  acetas,  533 

bromidum,  533 

carbonaa  prsBcipitatus,  533 

chloridum,  533 

flores,  539 
'  iodidum,  533 

oleatum,  5:i3 

oxidum,  5«>3 

phosphidum,  533 

sulphas,  53.S 

valerianas,  533 
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HOFFMANN  (FREDERICK^  AND  POWER  (FREDERICK  B.).  A  MANUAL 
OF  CHEMICAL  ANAL  YSIS,  as  Applied  to  the  Examination  of  Medicinal  Chemicali 
and  their  Preparations.  Third  edition,  entirely  rewritten  and  much  enlarged.  In  one 
handsome  octavo  volume  of  621  pages,  with  179  engravings.     Cloth,  $4. 25. 

HOLDEN  (LUTHER).  LANDMARKS,  MEDICAL  AND  SURGICAL.  Fron 
the  third  English  edition.  With  additions  by  W.  W.  Keen,  M.D.  In  one  royal  12ina 
volume  of  148  pages.     Cloth,  $1. 

HOLMES  (TIMOTHY).  A  TREATISE  ON  SURGERY.  Its  Principles  and 
Practice.  A  new  American  from  the  fifth  English  edition.  Edited  by  T.  PitiiLEBiso 
Pick,  F.R.C.S.  In  one  handsome  octavo  volume  of  1008  pages,  with  428  engrarings. 
Cloth,  $6 ;  leather,  $7 

A  SYSTEM  OF  SURGERY.     With  notes  and  additions  bv  various  AmericM 


authors.  Edited  by  John  H.  Packard,  M.D.  In  three  very  hand5ome  8vo.  voluma 
containing  3137  double-columned  pages,  with  979  engravings  and  13  lithographic  pUtA 
Per  volume,  cloth,  $G ;  leather,  ^7  ;  half  Eussia,  $7.60.     For  sale  by  suhseriptum  only. 

HORNER  (WILLIAM  E.).  SPECIAL  ANATOMY  AND  HISTOLOGY.  Eighth 
edition,  revised  and  modified.  In  two  large  8vo.  volumes  of  1007  pages,  containing  320 
engravings.     Cloth,  $6.  
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vmmm  (A.).  lectures  on  the  study  ^^f  fever    h^  -fu>  ocuvu 

rolame  of  sm  ptgis.     CliiUi,  $Z50. 

HUTCHIKSON  (JONATHAl^h  SYPHILIS.  Iti  one  jm.,  k-r-^iie  I2mu.  vulumc  of 
h4:l  f»a£'v<,  with  M  tlnnrno-IJtlujgTaphic  plat^*^.  Cloth,  $2.25,  S**-  \rrj*>  o^  ClinietJ  Mnu' 
uai\  piijO^'  1-1 

HYDE  iJAJCES  NEVmS  ,  A  PRACTICAL  TREATISE  ON  DISEASES  OF 
THE  SKIN.  Third  edition*  tboroogbly  wrriaed.  In  one  ocuro  volume  of  802  ymfgrn, 
witJi  I()8  cngraviitgH  and  li  c< floral  (>1»U».'    Clothe  $5 ;  Vrathcir,  %tt 

JACKSON  (QEORGE  THOMAS  ,  THE  RE  A  I)  Y  REFERENCE  HA  NVBOOK 
OF  JJISKASES  OF  THE  SKIN.  New  \'M)  edition*  Tu  one  I2ma  Tolume  of  589 
pagtss  witii  t>\^  engmvingH,  and  one  ctiloreiJ  |>LaU^     Ctuth,  $:LT5,     Jvjt/  rtftdf. 

JAMIESON  (W.  ALLAN).  DISEASES  OF  THE  SKIX,  Third  edition.  In  on© 
octavo  ^ikluuif  of  Jivftk  {m^t^  with  1  entcmviii^  and  II  dan hle-piige  chrunjolilhogmphlc 
plat.:**.     (  lotb,  $ix 

JONES  (C.  HANDFIELD  L  CLINICAL  OBSER  VA  TIONS  ON  FUNCTIONAL 
\J-:R  VO  us  disorders.    Second  Americttn  t^diUon.     In  one  oetoYo  volume  of  UO 

puk'^-^.     Moth,  <^3.2fj, 

JULEB  (HENRY).  A  HANDBOOK  OF  OPHTHAIMIV  SCIENCE  AND 
PHAVTI*  f  ^-^md  edition.  In  one  octavo  rohimc  of  641)  fMiges,  with  201  angrmtr- 
incfi,  17  « 1  jTraphic  plates,  tesl'tvjK^i  of  Jiii^r  and  Snellen,  and  Holmgren'* 

rolor-Bliii  '.     (loth,  16,50;  l^iher,  1^6.50. 

K3EK  ^EDWAEB  C).    OPERATIVE  DENTISTRY.    See  American  TaiAtmH  qf 

Dctaatry,  page  2. 

KENO  t A.  r.  AJ.  -4  MANUAL  OF  OBSTETRICS.  Siith  edition.  In  one  12rao. 
volume  of  532  pagen,  with  221  tUustrttions.     Cloth,  $2.50. 

KLEIN  (EJ.  ELEMENTS  OF  HISTOLOGY.  Fourth  edition,  hi  <nu-  p.Mk.i  >ixe 
12roo.  volume  of  :C»i  [t^g^^  with  194  engravings.  Cloth,  11.75.  Se*  Sfiuirr,!.':  ,sVr,..<  ./ 
Mnmuih^  ps'gf  14, 

LANDIS  (HENRY  O.).     Tfl^i?  MANAGEMENT  OF  LABOR,    In  one  hMidma* 

r2iin>.  volume  of  329  [Migee^  with  28  illuiitnitionsi.     Cloth,  f  L76, 

LA    ROCHE    (R.).     YELLOW   FEVER.     U    two   svo.    voluraew  of    14fls 
Cloth,  17. 


PNEUMONIA.     In  on*.'  svo.  volum**  »>f  4',fv  pugt^,     i  ioili,  Is'i 
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LAURENCE    <J,   Z.i   AND   MOON   (ROBERT   C).     ^    ifJ.VDr-BOOr 
OPIITHA  L MIC  SURGER  Y.    Second  e<iicio&.     In  one  octavo  volume  of  227  pegte, 
frith  6ti  t'nirraving?L     *'loth,  $2.76. 

LAWBON  (OEORGE).  INJURfES  OF  THE  EYE,  ORBIT  AND  EYELIDS, 
FVom  the  la.st  Eiixli^h  etiitaon.  In  one  handsome  oela%'o  voJtime  of  404  pagt^,  with  9*i 
engraving!!,     doth,  $3.50. 

LEA    HENRY  OJ.     CHAPTERS  FROM  TJr  ^rs  HISTORY  OF 

SlWfy,   (HSStmSHlP  of  the  press  :  D  ILLVMJNATI: 

THE  ESDEMuXIADAS:    EL  SANTO  NlS^f    ni.    /,  i    UVARIHA;    BRI- 
AN DA  DE  BARUAXL     In  one  12mo.  volume  of  522  |^agt».     doth,  $2.50. 

A  HISTORY  OF  AURICULAR  r  A  NO  INDULGENCES 

IN  THE  LATIN  CHURCH.     In  thrve  of  alKint  rm  pajB;««  each. 

Per  vol  units  cloth,  $3.      CmtpUte  uxirkjuMt  read^, 

FORMULARY  OF  THE  PAPAL  PENrTENTlARY.     In  one  ocuvo  voU 

of  221  paji^^,  with  froalij«piece.     Cloth,  f2.50. 

SUPERSTITION  AND  FORCE.  F^     '  '      nN  THE  7r  *     -^'  OF  LA\ 


THE    WAGER    OF  BATTLE,    THE    '  AND    7  h\     Fourth 

edition,  thoruuirhlv  rvvi*ed.     In  one  hands>im.i    ,^.^^i    12mo,    ^c^uj.mc    m,    029  tmgm* 
Cloth,  12.76.  ;_  '^ 
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LEA  rHENBT  Ci.  STUDIES  IX  CHURCH  HISTORY,  The  Rise  of  the  Tem- 
poral Power — Benefit  of  Clergy — ElxcommunlcatioiL  New  edition.  In  one  handNine 
\2mo.  volume  of  tK)o  pages.     Cloth,  $2.50. 

^.V  HISTORICAL  SKETCH  OF  SACERDOTAL  CELIBACY  IN  THE 


t 


CHRISTIAN  CHURCH.    Second  edition.     In  one  handsome  octavo  volume  of  685 
page8.     Cloth,  f4-50. 

LEE  (HENBT)  ON  SYPHILIS,     In  one  8vo.  volume  of  246  pages.    Cloth,  12.25. 

LEHMANN  (0.  O.).  A  MANUAL  OF  CHEMICAL  PHYSIOLOGY,  hi  one 
8vo.  volume  of  327  pages,  with  41  engravings.     Cloth,  $2.25. 

LEISHMAN  (WILLIAM).  A  SYSTEM  OF  MIDWIFERY.  Including  the  Dii- 
eases  of  Pregnancy  and  the  Puerperal  State.     Fourth  edition.     In  one  octavo  volome. 

LOOMIS  (ALFRED  L.)  AND  THOMPSON  (W.  OILMAN),  Editors.  A  SYS- 
TEM OF  MEDICINE.  In  Contributions  by  Various  American  Authore.  In  few 
very  handsome  octavo  volumes  of  about  900  pages  each,  fully  illustrated  in  hlMxk  md 
colors.     Volume  I.,  in  press  for  early  issue. 

LUDLOW  (J.  L.).  A  MANUAL  OF  EXAMINATIONS  UPON  ANATOMY, 
PHYSIOLOGY,  SURGERY,  PRACTICE  OF  MEDICINE,  OBSTETRICS, 
MATERIA  MEDICA,  CHEMISTRY,  PHARMACY  AND  THERAPEUTICS 
To  which  is  added  a  Medical  Formulary.  Third  edition.  In  one  royal  I2ma  volimi 
of  816  pages,  with  370  engravings.     Clo'th,  $3.25;  leather,  $3.75. 

LUFF  (ABTHIJB  P.^.  MANUAL  OF  CHEMISTRY,  for  the  use  of  Students  of 
Medicine.  In  one  I2mo.  volume  of  522  pages,  with  36  engravings.  Cloth,  $2.  Set 
Stvdenttf  Series  of  Manuals,  page  14. 

LTMAN  (HENRY  M.).  THE  PRACTICE  OF  MEDICINE  In  one  very  htnd- 
some  octavo  volume  of  925  pages  with  170  engravings.     Cloth,  $4.75;  leaUier,  $5' 75. 

LTONS  (ROBERT  D.).  A  TREATISE  ON  FEVER.  In  one  octavo  volume <rf 362 
pages.     Cloth,  $2.25. 

MACKENZIE  (JOHN  NOLAND).  THE  DISEASES  OF  THE  NOSE  ASD 
THROAT.  In  one  handsome  octavo  volume  of  about  600  pages,  richly  iUustnt«L 
Preparing. 

MAISOH  JOHN  M.).  A  MANUAL  OF  ORGANIC  MATERIA  MEDICI 
New  (6th)  edition,  thoroughly  revised  by  H.  C.  C  Maisch,  Ph.G.,  Ph.D.  Inooerftj 
handsome  I2mo.  volume  of  509  pages,  with  286  engravings.     Cloth,  $3. 

MANUALS.  See  Sludenti^  Quiz  Series,  page  14,  Student^  Series  of  Manuals,  page  H  u^ 
Series  of  Clinical  Manuals,  page  13. 

MARSH  (HOWARD  ^  DISEASES  OF  THE  JOINTS.  In  one  12mo.  volume  rf 
468  pages,  with  64  engravings  and  a  colored  plate.  Cloth,  $2.  See  Series  9f  CUM 
Manuals,  page  13. 

MAY  rC.  H.)    MANUAL  OF  THE  DISEASES  OF  WOMEN.    For  the  oie  rf 

Students  and  Practitioners.     Second  edition,  revised  by  L.  S.  Rau,  M.D.     In  one  Usao. 
volume  of  360  pages,  with  31  engravings.     Cloth,  $1.7*5. 

MITCHELL  (JOHN  K.).) REMOTE  CONSEQUENCES  OF  INJURIES  OF 
-zNERVES  AND  THEIR  TREATMENT.  In  one  handsome  12mo.  volome  of  2» 
^  pages,  with  12  illustrations.  •  Cloth  $1.75.     Just  ready. 

MORRIS    (HENRY).    SURGICAL   DISEASES  OF   THE  KIDNEY.    In  one 
.     12mo.  volume  of  554  pages,  with  40  engravings  and  6  colored  pUtesw     Clodi,  $2.25.    Sm 
Series  of  Clinieal  Manuals,  page  13. 
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MORRIS  f  MALOOLMl.  DISK  ASKS  OF  THK  SKIN.  In  cme  «iiuu«  gm  wolnmb 
of  572  pftg^  wiih  li*  i'lirom*>Htho^niphic  Rgurcs  and  17  engr^TiQ^     Cloth,  $8.50. 

MITLLER  (J.).    PniycirLESOF  PIIVSICS  AM)  METEOBOLOar.    Inone 

laTi^i'  Svo.  volume  of  (iii^  pA^^eH^  with  r>3^  engrftvingh.     (  lotli,  $4,^* 

MUSSER    JOHN  H.).    A   PHACTICAL   TREATISE  OS  MEDICAL   DIAO- 

yOK^lS\  for  Siuik-ate  and   rhv^iciaiw.     New  (2d I  edition,     la  one  octnfo  volume  of 
itMjtit  IK^O  psig^  Uixmtn^ti  witli  Mt>out  WO  engnJFvag^  and  miinf  colored  platM.    in  pnsii. 

NATIONAL  DISPENSATORY,    See  StUU,  Maisth  d  Ca,pan,  page  14, 

NATIONAL   FORMULARY.     See  SdUc,  Maueh  d-  CagfMirC>^  Nati^mal  /)«/ 
poife  14. 

NATIONAL  MEBICAL  DICTIONARY.    See  BiUin^f^  page  H. 

NETTLESHIP    iEJ.     DISEASES   OF    THE   EYE.     Fourth  American  from 
English  e<lition.     In  utie  Initio,  voliiin^  of  504  (tuges,  with  164  engniTing^,  t«eti-lype»  and 
foniiuixi*  and  color-hUndncss  t<*t,     ♦  'loth,  ^2. 

N0RRI8  iWM.  PJ  AND  OLIVER  «OHAS.  Aj.  TEXTBOOK  OF  OPIITHAL* 
MULOGW  In  one  octavo  volume  of  ti41  pogce,  with  367  engraTingi*  and  6  ooIohhI 
plmt€H.     (loth,  $5 ;  leathcT,  $tj. 

OWEN  EDMUNDi.  StrBGICAL  DISEASES  OF  CHILDREX.  In  oo«  12mo» 
voluiuf  ot  o^l't  jjut^?ji,  with  83  engravings  and  4  colored  platen.     C 'Joth,  f2L     See  Ser{f$  qf 

PARK  ( ROSWELL    Editor.    A  TEE  A  TISE  ON  SUROER  V,  br  Ameraui  A«thm»* 

For  Students  and  1  .>  of  Surg^^n'  and  Medicine.     In  two  mapdficenl  octavo 

volunii'K,  ronlaiuini^  ^,  with  alnnit  H^O  <*ngnivinKS  and  Aliout  40  full  page  plates 

in  coloiH  and  moni>4.  liromc.     Volume  L,  jfsM  rmdtf.     Volume  II.,  tead^  iikem^.     Price 
per  volume,  cloth,  $4.50;  leather,  ^5.50.     Nh, 

PARRY  JOHN  S.).  EXTRA  t/TERINE  PREGyAXCr,  ITS  CLISICAL 
HI  STORY,  DIAGNOSIS,  PROGNOSIS  AND  TREATMENT,  In  one  ocUvo 
vol  nine  of  2T2  pages.    Clotlit  $*L^ 

PARVIN  iTHEOPHILXFSL     THE  SCIENCE  AND  ART  OF  OBSTETRICS. 

Third  edition      In  one  handsome  octavo  volume  of  i>77  ^*«ges  with  2*>7  engravingB  and 
2  colored  piati^.     t'loth,  ^.^J^;  Imther,  $5  2o< 

PAVY  (P,  WJ  A  TREATISE  ON  THE  FVNCTION  OF  DIGESTION,  ITS 
DISORDERS  AND  THEIR   TREATMENT.    From  th«.  eecwd  Londoti  edltiOKi. 

In  one  >ivo.  volume  of  2ii8  page***     I  lolh,  $2. 

PAYNE   (JOSEPH  FRANK).      I    MANUAL  OF  GENERAL   PATHOLOGY. 

Dtsiigued  an  an  hiin>duction  to  the  Tractice  of  Medidnc.     In  one  octavo  volume  of  524 
pageH,  with  hS^  eogravingH  and  1  colarvd  ptnte.     Cloth,  |ft.50. 

PEPPER'S  SYSTEM  OF  MEDICINE,    See  page  2. 

PEPPER  lA.  J  L  SURGICAL  PATHOLOGY.  In  one  12mo  volume  of  M I  pag€», 
with  ^l  engravings.     (HotJi^  $2,    Sec  StadfniM'  Serki  of  JfaauoL^  page  14. 

PICK  (T.  PICKERINO).  FRACTURES  AND  DISLOCATIONS.  In  one  IZino. 
volume  of  hlikl  p-i^^,  w  ith  i>3  engraving!^.    *  loth,  |2.    See  SfrUa  </  CUniM  ManuaU^  p.  13, 

PIRRIE   WILLIAM.     THE  PRINCIPLES  AND  PR  OFSUROERT. 

\h  niR'  uci;ivt*  vuluine  of  7HJ  pagfw,  with  :il»^  eugniving»«     *  > 

FLAYFAIR  W.  8.-.  A  TREATISE  ON  THE  SCIENCE  AND  PRACTICE 
OI  MIDHIFER}*  --''-  American  from  the  dghth  ICagliah  editioiv.  Edited,  wiih 
adiitfiMtir  by  R.  V   \  "^{Ji.     In  one  CHrtavo  volume  of  1(1^7  pagen,  with  217  engrmv« 

ingb  4fiiJ  'i  pUto.     <  ,  . .  leather,  $5. 

THE  SYSTEMATIC  TREATMENT  OF  NERVE  PROSTRATION  AKD 
MYSTERLi,    In  one  12mo.  volume  of  ^7  pag«3f&.    (loth,  f  1. 
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POLITZEB  (ADAM).  A  TEXT-BOOK  OF  THE  DISEASES  OF  THE  EAR 
AND  ADJACENT  ORGANS.  Second  American  from  the  third  German  editioo. 
Translated  by  Oscar  Dodd,  M.D  ,  and  edited  bv  Sir  Wiluam  Dai.by,  F.K.CJS.  Ib 
one  octavo  volume  of  748  pages,  with  330  original  engravings.    Cloth,  $5.50. 

POWEB  (HENRY).  HUMAN  PHYSIOLOGY,  Second  edition.  In  one  12ino. 
volume  of  396  pages,  with  47  engravings.  Cloth,  $1.50.  See  Students  Series  ofMcnmik, 
page  14. 

PURDY  (CHARLES  W.).  BRIGHT'S  DISEASE  AND  ALLIED  AFFEC- 
TIONS OF  THE  KIDNEY,  In  one  octavo  volume  of  288  pages,  with  18  cogiiT- 
ings.    Cloth,  $2 

PYE-SMITH  (PHILIP  H.).  DISEASES  OF  THE  SKIN.  In  one  12mo.  volume 
of  407  pages,  with  28  illustrations,  18  of  which  are  colored.    Cloth,  $2 

QUIZ  SERIES.     See  Studentf^  Quiz  Series,  page  14. 

RALFE  (CHARLES  H.).  CLINICAL  CHEMISTRY,  In  one  12mo.  volume  of 
of  314  pages,  with  16  engravings.     Cloth,  $1.50.     See  StudenU^  Series  of  Manvah,  page  li 

RAMSBOTHAM  (FRANCIS  H.).  THE  PRINCIPLES  AND  PRACTICE  OF 
OBSTETRIC  MEDICINE  AND  SURGERY,  In  one  imperial  ocUvo  volumcirf 
640  pages,  with  64  plates  and  numerous  engravings  in  the  text.  Strongly  bound  in 
leather,  $7. 

REICHERT  (EDWARD  T.).    A   TEXT-BOOK  ON  PHYSIOLOGY,    In  ODe 

handsome  octavo  volume  of  about  800  pages,  richly  illustrated.     Preparing. 

REMSEN  (IRA).  THE  PRINCIPLES  OF  THEORETICAL  CHEMISTRY. 
Fourth  edition,  thoroughly  revised  and  much  enlarged.  In  one  12mo.  volume  of  335 
pages.     Cloth,  $2 

REYNOLDS  IJ.  RUSSELL).  A  SYSTEM  OF  MEDICINE,  Edited,  with  nolei 
and  additions,  by  Henry  Hartshorns;  M.D.  In  three  large  8vo.  volumes,  contaioiBC 
3056  closely  printed  double-columned  pages,  with  317  engravings.  Per  volume,  cloth,  |5; 
leather,  $6. 

RICHARDSON  (BENJAMIN  WARD).    PREVENTIVE  MEDICINE.    In  one 

octavo  volume  of  729  pages.    Cloth,  $4 ;  leather,  $5. 

ROBERTS  (JOHN  B.).  THE  PRINCIPLES  AND  PRACTICE  OF  MODESS 
SURGERY.  In  one  octavo  volume  of  780  pages,  with  501  engravings.  Cloth,  H50; 
leather,  $5.50. 

THE  COMPEND  OF  ANATOMY,     For  use  in  the  Dissecting  Room  and  ii 

preparing  for  Examinations.     In  one  16mo.  volume  of  196  pages.     Limp  cloth,  75  cenH. 

ROBERTS  (SIR  WILLIAM).  A  PRACTICAL  TREATISE  ON  URINARY 
AND  RENAL  DISEASES,  INCLUDING  URINARY  DEPOSITS.  Fourth 
American  from  the  fourth  London  edition.  In  one  very  handsome  8vo.  volume  of  609 
pages,  with  81  illustrations.    Cloth,  §3.50. 

ROBERTSON  (J.  McOREOOR).  PHYSIOLOGICAL  PHYSICS.  In  «ie  12ino. 
volume  of  537  pages,  with  219  engravings.  Cloth,  $2.  See  Students'  Series  af  Mamk^ 
page  14. 

ROSS  rJAMES).  A  HANDBOOK  OF  THE  DISEASES  OF  THE  NERVOUS 
SYSTEM.  In  one  handsome  octavo  volume  of  726  pages,  with  184  engravings.  Cloth, 
$4.50;  leather,  $5.50. 

SAVAGE  < GEORGE  H.).  INSANITY  AND  ALLIED  NEUROSES,  PRACTI- 
CAL AND  CLINICAL.  In  one  12mo.  volume  of  551  pages,  with  18  typical  engn?^ 
ings.     (.!loth,  1?2.     See  Series  of  Clinical  Manuals,  page  13. 

8CHAFER  (EDWARD  A.^,  THE  ESSENTIALS  OF  HISTOLOG  Y,  DESCRIF- 
TIVE  AND  PRACTICAL.  For  the  use  of  Students.  New  (4th)  edidon.  In  OM 
handsome  octavo  volume  of  311  pages,  with  288  illustrations.     Cloth,  $3. 
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80HMITZ  AND  ZX7MPTS  0LAS8I0AL  SERIES. 

AB  VAXCED  LATiy  EXERCISES     Cloth,  60  cente :  half  bound,  70  centP. 
SCHMITZ'S  ELEMENTAR  Y  LA  TIN  EXERCISES,    Cloth,  50  cents. 
SA  LL  VST.    Cloth,  60  cents :  half  bound,  70  cents. 
SEPOS.     Cloth,  60  cenXA ;  half  bound,  70  cents, 
VIRGIL,     Cloth,  85  cents;  half  bound,  ^\. 
CURT  I  US.     Cloth,  80  cents;  half  bound,  90  cents. 

8CH0FIELD  (ALFRED  T.),  ELEMEXTARY  PHYSIOLOGY  FOR  STU- 
DEXTS,  In  one  12mo.  volume  of  380  paget?,  with  227  engravings  and  2  colored  plates. 
Cloth,  $2. 

8CHSEIBER  (JOSEPH).  A  MAXUAL  OF  TREATMEXT  BY  MASSAGE 
AXD  METHODICAL  MUSCLE  EXERCISE.  Translated  by  Walter  Mendkl- 
80N,  M.I>.,  of  New  York.  In  one  handsome  octavo  volume  of  274  pages,  with  117  fine 
engravings. 

BEILER  (GARL<.  A  HAXDBOOK  OF  DIAGXOSIS  AXD  TREATMEXT  OF 
DISEASES  OF  THE  THROAT  AXD  XASAL  CAVITIES.  Fourth  ediUon. 
In  one  12mo.  vol.  of  414  pages,  with  107  engravings,  and  2  colored  plates.     Cloth,  $2.25. 

8ENN  (NICHOLAS).  SURGICAL  BACTERIOLOGY.  Second  edition.  In  one 
octavo  volume  of  268  pages,  with  13  plates,  10  of  which  are  colored,  and  9  engravings, 
aoth,  $2. 

SERIES  OF  OLINICAL  MANUALS.  A  Series  of  Authoritative  Monographs  on 
Important  (.'linical  Subjects,  in  12mo.  volumes  of  about  550  pages,  well  illustrated.  The 
following  volumes  are  now  ready:  Broadbext  on  the  Pulse,  $1.75;  Yeo  on  Food  in 
Health  and  Disease,  new  (2d)  edition,  §2.50;  Carter  and  Frost's  Ophthalmic  Surgery, 
$2.25;  HrTCHiNSOx  on  Syphilis,  $2.25;  Marsh  on  Diseases  of  the  Joints,  $2;  Mobris 
on  Surgical  Diseases  of  the  Kidney,  $2.25 ;  Owen  on  Surgical  Diseases  of  Children,  $2 ; 
Pick  on  Fractures  and  Dislocations,  $2;  Butlix  on  the  Tongue,  $3.50;  Savage  on 
Insanity  and  Allied  Neuroses,  $2 ;  and  Treves  on  Intestinal  Obstruction,  $2. 
For  separate  notices,  see  under  various  authors'  names. 

SERIES  OF  STUDENTS'  MANUALS.    See  next  page. 

SIMON  (CHARLES  E.)  CLIXICAL  DIAGXOSIS,  BY  MICROSCOPICAL 
AXD  CHEMICAL  METHODS.  In  one  handsome  octavo  volume  of  504  pages,  with 
132  engravings,  and  10  full  page  plates  in  colors  and  monochrome,  doth,  $3.^.  Just 
ready. 

SIMON  (W.).  MAXUAL  OF  CHEMISTRY.  A  Guide  to  Lectures  and  Laboratory 
Work  for  Beginners  in  Chemistr\\  A  Text-book  specially  adapted  for  Students  of  Phar- 
macy and  Medicine.  Fifth  edition.  In  one  8vo.  volume  of  501  pages,  with  44  engrav- 
ings and  8  plates  showing  colors  of  64  tests.     Cloth,  $3.25. 

8LADE  (D.  D.).  DIPHTHERIA  ;  ITS  XATURE  AXD  TREATMEXT.  Second 
edition.     In  one  royal  12mo.  volume,  158  pages.     Cloth,  $1.25. 

SMITH  (EDWARD).  COXSUMPTIOX;  ITS  EARLY  AXD  REMEDIABLE 
STAGES.     In  one  8vo.  volume  of  253  pages.     Cloth,  $2.25. 

SMITH  (J.  LEWIS).  A  TREATISE  OX  THE  DISEASES  OF  INFANCY 
AND  CHILDHOOD.  New  (8th)  edition,  thoroughly  revised  and  rewritten  and 
greatly  enlarged.  In  one  large  8vo.  volume  of  983  pages,  with  273  illustrationg  and 
4  full-page  plates.     Cloth,  $4.50 ;  leather,  $5.50.     Just  ready. 

SMITH  (STEPHEN).  OPERATIVE  SURGERY.  Second  and  thoroughly  revised 
edition.     In  one  octavo  voL  of  892  pages,  with  1005  engravings.     Cloth,  $4;  leather,  $5. 

BOLLT  iS.  EDWIN).  A  HAXDBOOK  OF  MEDICAL  CLIMATOLOGY. 
Hmdeome  octavo.     Preparing. 

BTILIiE  (ALFRED).  CHOLERA;  ITS  ORIGIN,  HISTORY,  CAUSATION, 
SYMPTOMS,  LESIONS,  PREVEXTIOX  AXD  TREATMENT.  In  one  12mo. 
volame  of  163  ptffea,  with  a  chart  showing  routes  of  previous  epidemics.     Cloth,  $1.25. 

THERAPEUTICS  AND  MA  TERIA  MEDIC  A.    Fourth  and  revised  edhion. 


In  two  octavo  volamflB,  containing  193*3  pages.     Cloth,  $10;  leather,  $12. 
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8TILLE  (ALFRED),  MAISCH  (JOHN  M.)  AND  CASPABI  (0HA8.  JB.i. 
THE  NATIONAL  DISPENSATORY:  Containing  the  Natural  History,  Chemistrr, 
Pharmacy,  Actions  and  Uses  of  Medicines*^  including  those  recognized  in  the  latest  Phii^ 
macopoeias  of  the  United  States,  (xreat  Bntian  and  Germany,  with  numerous  referenoa 
to  the  French  ( 'odex.  Fifth  edition,  revised  and  enlarged  m  accordance  with  and  em- 
bracing the  new  U.  S.  Pharmacopcpioj  Seventh  Decennial  Revision.  With  SappleoMnt 
containing  the  new  edition  of  the  National  Formulary.  In  one  magnifioeut  imperial 
octavo  volume  of  2025  pages,  with  320  engravings  ('loth,  j?7.25;  leather,  §8.  with 
ready  reference  Thumb-letter  Index,     (loth,  $7.75;  leather,  $8.50.     Just  raidy. 

8TIMS0N  (LEWIS  A.).     A  MANUAL   OF  OPERATIVE  SURGERY.   New 

(3d)  edition.  In  one  roval  12mo.  volume  of  614  pages,  with  306  engravings.  Juttrtady. 
Cloth,  $3.75. 

A  TREATISE  ON  FRACTURES  AND  DISLOCATIONS.    In  two  hand- 

some  octavo  volumes.  Vol.  I.,  Fractures,  582  pages,  360  engravings.  Vol  II.,  Dislo- 
cations, 540  pages,  163  engravings.  Complete  work,  cloth,  $5.50 ;  leather,  $7.50.  Either 
volume  separately,  cloth,  $3 ;  leather,  $4. 

STUDENTS'  QUIZ  SERIES.  A  New  Series' of  Manuals  in  question  and  answer  far 
Students  and  Practitioners,  covering  the  easentials  of  medical  science.  Thirteen  volomet, 
pocket  size,  convenient,  authoritative,  well  illustrated,  handsomely  bound  in  limp  doch, 
and  issued  at  a  low  price.  1.  Anatomy  (doable  number);  2.  Physiology;  3.  (1iemi5trT 
and  Physics ;  4.  Histology,  Pathology  and  Bacteriology ;  5.  Materia  Medict  and  Thera- 
peutics ;  6.  Practice  of  Medicine ;  7.  Surgery  (double  number) ;  8.  Genito-Urinair  ud 
Venereal  Diseases;  9.  Diseases  of  the  Slon ;  10.  Diseases  of  the  Eye,  Ear,  Throat  and 
Nose;  11.  Obstetrics;  12.  Gynecology;  13.  Diseases  of  Children.  Piice,  $1  each,  except 
Nos.  1  and  7,  Anatomy  and  Surgery,  which  being  double  numbers  are  priced  at  $1.75  eick 
Full  specimen  circular  on  application  to  publishers. 

STUDENTS'  SEKEES  OF  MANUALS.  A  Series  of  Fifteen  Manual  by  Emimnt 
Teachers  or  Examiners.  The  volumes  are  pocket-size  12mos.  of  from  300-540  pages  pro- 
fusely illustrated,  and  bound  in  red  limp  cloth.  The  following  volumes  may  nov  be 
announced:  Herman's  First  Lines  in  Mid wiferv,  $1.25;  Luff's  Manual  of  OhemiAir, 
$2;  BRrcp:*8  Materia  Medica  and  Therapeutics  rfifth  edition),  $1.50;  Treves'  Manual  of 
Surgery  (monogranhs  by  33  leading  surgeons),  3  volumes,  per  set,  $6 ;  Bell*s  C'ompm* 
tive  Anatomy  ana  Physiology,  $2;  Robertson's  Physiological  Physics,  $2;  Gocxd'b 
Surgical  Diagnosis  $2;  Klein's  Elements  of  ICstology  f4th  edition),  $1.75;  Pepptb's 
Surgical  Patholog>%  $2;  Treves'  Surgical  Applied  Anatomy,  $2;  Power's  Himon 
Physiology  (2d  edition),  $1.50;  Ralfe's  Clinical  Chemistry, *$1. 50;  and  Clarke  and 
LocKW(X)i)'s  Dissector's  Manual,  $1.50 
For  separate  notices,  see  under  various  authors'  names. 

STUEOES  fOOTAVIUS).  ^.V  INTRODUCTION  TO  THE  STUDY  OF  CLIS- 
ICAL  MEDICINE.     In  one  12mo.  volume.    Cloth.  $1.25. 

SUTTON  (JOHN  BLAND).  SURGICAL  DISEASES  OF  THE  OVARIES 
AND  FALLOPIAN  TUBES.  Including  Abdominal  Pregnancy.  In  one  12ina  vol- 
ume of  513  pages,  with  119  engravings  and  5  colored  plates.    Cloth*,  $3. 

TUMORS,  INNOCENT  AND  MALIGNANT.    Their  Clinical  Featow*  ind 

Appropriate  Treatment  In  one  8vo.  volume  of  526  pages,  with  250  engravings  aod 
9  full-page  plates,    (loth,  $4.50. 

TAIT  (LAWSON).  DISEASES  OF  WOMEN  AND  ABDOMINAL  SURGEBT. 
In  two  handsome  octavo  volumes.  Vol.  I.  contains  546  pages  and  3  plates.  CloUi,^ 
VoL  II.,  pr^fponn^. 

TANNER  (THOMAS  HAWEXSK  ON  THE  SIGNS  AND  DISEASES  OF 
FREGNANC  Y.  From  the  second  English  edition.  In  one  octavo  volume  of  490  pages 
with  4  colored  plates  and  16  engravings,     (/loth,  $4.25. 

TATLOB  (ALFRED  8.1.    MEDICAL  JURISPRUDENCE.     Eleventh  Americw 
the  twelfth  fkigUsh  edition,  specially  revised  by  Clark  Bell,  Esq.,  of  the  N.  T. 
In  one  octavo  voL  of  787  pages,  with  56  engravings.    Cloth,  $4.50 ;  leathtf,  |5i5(l 
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TAYLOR  ALFEED  S,i,  O.V  POISONS  ly  RKLATION  TO  MKDWISK 
ASli  MEinVAL  JUHJSPRVDKNCK.  Third  American  froia  the  thild  London 
edition.  In  cio^  8vo.  Tolume  of  TH8  pftg«»,  with  KM  Uluittnttiona.  <^lo(h,  f5.50; 
Icjither,  %\\,m. 

TAYLOR  (ROBERT  W.i.  THE  PATHOLOGY  AND  TREATMENT  OF 
VENEREAL  DISEASES,     lo  oo*?  verv  hBitd»oDie  oct«vo  Toliune  of  iOQSpagfSpWttli 

230  en^m^'ings  and  T  colored  iilai€»,    (1o^,  ^5 ;  Ic^athcr,  ^.     Sti, 

A    CLINICAL    ATLAS    OF    VENEREAL    AND    SKIN    DISEASES. 

Jochidiug  Diagnotdtf,  Pn)^iu4><  and  Treatment.  In  eight  litr|j:e  folio  parts  inejtMuring 
lis  18  incliee,  and  comprLHlng  213  benutifiil  figures  on  r>^  fiill-{»«go  i*lin>uio-Llihugniphi<] 
ptatts^^  K5  6ne  engravings  »ntf  42f>  pagi'^  of  lexl.  rompJetr  work  now  ready,  Price  per 
part,  !*e wed  in  heavy  embo»ed  pn|>cn  $'J,50.  Bound  in  one  volume^  half  Kuhsia,  ;?27 ; 
aalf  Turkey  Morocco,  |28,  Im  mL^  hy  Muh^ertjiium  tnd^,  Adtires^  the  puMiwhers.  Spec- 
imen platen  by  mail  on  n?ceipt  of  10  cenlK. 

LMPOTENCE  A ND  STERILITT.    Jn  one  ocUto  voIuiims.    In  aditx prtparatim. 

TAYLOR    SEYMOUR),    INDEX  OF  MEDICINE,    A  ilonual  for  the  use  of  Senior 

StudtMits  and  others,     Jn  one  large  ll^mo.  volume  of  802  page^     (loth,  $3  75. 

THOMAS  (T.  OAILLARDi  AND  MUNBE  PAUL  P.K  A  PRACTICAL 
TREATISE  ON  THE  DISEASES  OF  WOMEN  Sixth  ediumi,  thortiugbly 
rerifed  by  Pao.  F,  Muxde,  M.I).  Jn  one  brv*'  :"»*•  li:»tnlsniii.-  t^rt^ivn  volume  of  t^24 
pages^  with  347  engnivingSL  Cloth,  S5;  leather,  !?*• 

THOMPSON     SIR  HENRY;.     CLINICAL  LECTURES   ON   DISEASES  OF 

THE  riiiyALY  OR*^ANS,  Second  and  revi^d  c<liliu0'  In  one  octavo  volume  of 
2>Ki  i>ai;vs,  with  2o  engravings,     (loth,  $2,2<V 

THOMPSON  SIR  HENRY L  THE  PATHOLOGY  AND  TREATMENT  OF 
STRICT r RE  OF  THE  URETHRA  AND  URINARY  FISTVLM.  From  the 
third  English  edition  In  one  octavo  volume  of  a51*  psg«S  ^'i^^i  4"  «anrniving»<  ^\m\  3 
lithographic  plati*^.     (loth,  ^3.*50. 

TODD  (ROBERT  BENTLEY),  CLINICAL  LECTURES  ON  CERTAIN 
ACUTE  DISEASES.     In  one  Svo.  volume  of  320  page^.    Cloth,  f2.50. 

TREVES  PREDERICKU  OPERATIVE  SURGERY.  In  two  8to.  voluro«  oax^ 
taining  15o(»  pagi^^  witJi  422  illustratiooeL     Clotlif  $1^;  l««ther,  f  11. 


A  SYSTEM  OF  SURGERY,    In  Contributionu  by  Twentynfire  English  Sar- 
in two  large  octavo  volumes,  oontaininf  2322  p«gea,  with  950  eoigtmiringa  aiid 


1  liill  pnge  platea.     Per  volume,  cloth,  f8.     JiMf  rtady. 


A  MANUAL  OF  SURGERY,    In  Trwti»e»  hy  33  leading  amgtoDa.     Three 

r2mo.  volumes,  conuining  I  son  pag^**,  with  213  engravings*     IVice  per  fd^  fO,    See  Stu- 
dmUt*  Sarim  vf  Manuals^  page  14. 

THE  STUDENTS*  HANDROOK  OF  SURGICAL  OPERATrfiXS     i„ 

one  l2mo.  volume  of  50d  pages  with  94  illustrations.     Cloth,  $2.50. 

SURGICAL  APPLIED  ANATOMY,    In  one  12mo.  volume  of  Hi) 


wiUi  *U  engraving*!.     iMoth,  $*L     See  SUi^rnt^*  SaHea  of  MttrntaU^  page  14, 


INTESTINAL  OBSTR  UCTION.     In  one  12mo,  volume  of  522  p«gw»  with  60 

illnstrationi*.     Cloili,  $2.     See  Srri^s  nf  CHmimI  Manwtis^  page  13. 

TUKE  (DANIEL  HACK),    THE  INFLUENCE  OF  THE  MIND  UPON  TBS 
BODY  IN  HEALTH  AND  DISEASE     Second  edition      In  one  8vo.  volume  of  ( 
4<$7  pagot,  with  2  colored  platea.     Cloth^  |3. 

VAUOHAN  VICTOR  0.)  AND  NOVY  (FREDERICK  QA.  FTOMALSS, 
LEn'f))fAiyS,  TOXLS'S  AND  ANTITOXIXS,  or  the  r  hemical  Faclof*  in  the 
(.'ttu^tiun  of  IK^eoiitv     Xew  (3d|  editioa.    la  one  12iiio.  vohime  of  f;<i:(  ptij>(«     (lotli,  ^i, 

PhHad9lphiQ,  700,  708  and  710  Sa/twn  St,^ill§w  fwk,  lit  Fifih  i¥t,  (cor.  ISth  St.), 


le 


LEA    BROTHERt    ^    CO,' B    FU8LICMTI&IIM . 


VISITmO  LIST.    THE  MEDICAL  KEWS  VISITTXO  LIST  te  WT.    Fw 

styles:  Weekly  (dated  for  30  patients);  MoDtKiy  (imdatiHl  for  120  fi4itl«iie»  pAroNBtib); 

Peri>etuul  (undated  for  H'^  patients  each  week) ;  and  Peqwtnnl  iitidotpd  far  rtO  ^ailwti 

each  we^k).     Tlie  <iO'patient  book  eunsititi*  of  26il  pai:i  "^     ' 

three  ^tylo*  contain  32  pat^  of  important  diitA*  thor<i 

atiHoruad' blaiikii.     Each  in  one  votnmL%  pri       -i'-^      \^  ^^ 

iise,  25  cents  extra-     Special  rat<?»  to  ad^  wf 

or  The  American  Jourkal  of  the  31..  .    .    ^   ,    .       ,  .      :,___ 


WATSON   I  THOMAS  K     LECTURES  OS  THE  PRINCIPLES  AJiD   PRAC- 

from  the  5ilh  and  enhui^  J 
In  two  Idrge  Hro.  roUtmmoi  J 


TWE  OF  PHYSIC.     A  new  American  from  the  fifth  and  enhui^  Mncliali « 


wiih  additions  hj  H.  Harts  no  rne,  M  D. 
lyO  engrravuigw.     Cloth,  $9;  leather,  |I1. 

WELLS    (J.   SOELBERG).     A    TREATISE   ON   THE  DISEASES 

EYE.     In  one  i&rge  and  handsome  outftvo  yuUinie. 

WEST    (CHARLESK      LECTURES  oy    THE   DISEASES    / 

Women     Third  Ajuierican  from  the  third  English  edititm.     Jn    *tv 
543  pages.     Cloth,  ^.  75 ;  leather,  f  4 J5. 


B    TO 

toffif  of 


ON  SOME  DISORDERS  OF  THE  NERV^^i  s  sy.sjtM   />    LUlW^ 

HOOD*     In  one  small  12mo.  volume  of  127  pages.     Cloth,  $1. 

WHARTON  I  HENRY  R.),    MINOR  SUROER  T  AND  BAN  DA  OINO     N«r  ^34) 

edition,     iti  one  12mo  volume  of  o94  pagcK,  with  M?\  tntmiTings^  tiuuijr  of  vrliicli  apt 
photographic     Cloth,  f  3*     Jutit  rtady. 

WHITLA    (WILLIAM).      DICTIONARY   OF    TREA  OR    TMSRA^ 

PEUTIC   INhEX      Inchiding  Me<lical  and  Surgical  11.  In  ofiP  «pM 

ot'tavo  volume:  of  1*17  pages.     ( 'loth,  $4. 

WILSON  (ERASMUS).  A  SYSTEM  OF  HUMAN  ANATOM  . .  a  im-w  » 
n^vixtid  jVmericiLii  from  the  last  Enic^libh  edition^  llJuHtrated  «Kth  397  «pft^rftrtia^  Is 
one  octavo  volume  of  tU6  pages.     Cloth,  f4;  leather,  ^. 

THE  STUDENT*S  ROOK  OF  CUTANEOUS  MEDICINE      la  cm  Iteo. 

volume.     Cloth,  f  3  5a 

WINCKEL  ON  PATHOLOGY  AND  TREATMENT  OF  CHILDBED.  Tnm^ 
lated  bv  James  R  <  h^d^^ck,  AM.  M.D.  With  additions  by  the  Attthor  In  ^m 
octavo  volume  of  484  pages.     ('loUi,  $4. 

WOHLERS  OUTLINES  OF  ORGANIC  CHEMISTRY  Tnmalated  6WB  tte 
dghth  German  edition,  bv  l&A  Rkmskk,  M*D.     In  one  iSSmo.  Toliime  of  550  Mmm 

Obth    $3. 

TEAR  BOOK  OF  TREATMENT  FOR  1896,  A  tVidcai  Renew  Ibr  PmicMmm^ 
Medicine  and  Sur^ry.     In  contribiJtidn>  by  24  well-known  medical  writ^i^     l!EtaM»>  101 

5a^;es      doth,  ^1  fiO'    In  combinutiort  with  The  Meiucax  Nkws  lud  Tiii:  AMWticAM 
ouitNAL  OF  tur.  Mkdical  JS^i'iF.NOiis  "5  centft.    See  page  1- 

TCAE-BOOKS  OF  TREATMENT  for  1891,  1892  and  181»3»  aimilar  to  aborf.    KatK 

cloth,  |L50, 

YEO  I.  BURNEY).  FOOD  IN  HEALTH  AND  DISEASE  New  t  jd.  rao«. 
In  one  12mo.  volume  of  592  pages^  with  4  engraving!;.  Cloth,  f  2^50.  See  Sirim  ^  (M^ 
ical  MiinuaUy  page  18, 

A  MANUAL  OF  MEDICAL  TREATMENT,  OR  CLINICAL  TBSMM 

PEUTICS.    Two  TotnmeB  oontaiiiing  1275  pages^    Cloth,  $5.60. 


TOUHO  (JAMES  K.).    ORTHOPEDIC  SURGERY. 
pagee^  with  2.sn  iUu^itrationti.     t  Inth,  $4\  leather,  f^. 
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V91   Caspar!,  C. 
C54       A  treatise  on 
1895    pharmacy  for  students 
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